GOVERNMENT OF INDIA 
ARCHEOLOGICAL SURVEY OF INDIA 


ARCHAEOLOGICAL 

LIBRARY 


ACCESSION NO. 


CALL No. _5^-0yj5 








GEOLOGY 
FOR ENGINEERS 




GEOLOGY 
FOR ENGINEERS 


BaiCAD2ER*GBN£RAL 

R. F. SORSBIE 

C.B., C4.I., C.I.E. 

L»u iipyal Sngimm 


550 


I'rV^ 


r 


LONDON 


a BELL & SONS LTD 









PnotaJ (0 Cr«at Brlltlg by 
Nsui. & C9>, Ltb,, Bbia*v*eii 




PREFACE 


Thb Jirst edition of this book was published in 7910. It has now 
been thoroughly revised and largely rewritten. The chapters 
devoted to Applied Geology have l^n considerably extended, 
and those devoted to Historical Geology have been omitted for 
want of space, while the chapter on Geological Observation—Indoor 
Work—has been omitted, as it is considered preferable for the 
Engineer to consult a professional chemist. 

The tendency to specialise in 'watertight compartments' is 
perhaps still more highly developed now than in 1910, with the 
result that the bearing of geology in relation to almost every 
branch of engineering is very frequently neglected or ignored. A 
knowledge of geology is, however, of the first importance to the 
practical engineer, but it is difficult for him to study the applica* 
tion of this science to his requirements without having recourse 
to a large number of different textbooks and other works. 
References to geology which rx»y be of the greatest practical 
importance are often almost hidden away or treated in an obscure 
fashion, whereas the engineer requires the needful information 
to be put before him in a dear and concise manner. To meet this 
want 1 have endeavoured to compile the requi^te information 
in one volume, in the hope that it may serve as a handy book of 
reference. 

'The late Professors Lap worth. Cole and Bauerman, and Mr 
Hayden of the Geological Survey of India gave mo much Jdnd 
help and encouragement in the preparation of the first edition, 
for which I am very grateful, and I am greatly indebted to the 
following authors and publishers for so kindly allowing me to 
take such extracts as I required from the books shown below and 
for permission to reproduce the figures mentioned. 

Afanuai of Th^oreticai and Practical, by John Phillips, 

LL.D.. F.R.S., Part 1 ; Physical Geol<^ and Palacntol<iy. 
by H. G. S«ley. F.R.S. Charles Griffin & Co.; figures 
8-17,19-24. 

G«/o|y .* Chemical, Physical, and Siraiigraphical, Vol. I- Chemical 
and Physical, by Joseph Prestudeh. Clarendon Press; figure 2. 
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The Priiiciples of WaUrvorks E^i^merin^, by J. H. T. Tudsbery, 
D.Sc.. and A. W. Brightmore, D-Sc- TWrd Edition. E. & 
F. N. Spon; figure 40. 

Saniiary E 7 %gineenng, by Vernon Harcourt. Longmans, Green & Co. 
Aids in PracHcal Geohgy^ ty G. A. J, Cole, M.R.I A., F.G.S. Fourth 
Edition. Charles Grim & Co.; figure 25. 

Physical Geology, by Ralph Tate. The Technical Press Ltd.; 
figures 7, zd, and 26. 

The RudiTnents of CivU Engineering, by H. Law. The Technical 
Pr^ Ltd. 

The Stt*dy of Roche, by Frank Rutley, F.G.S. Longmans, Green 
& Co. Sixth ^iuon. 

Economic Geology, by David Page, LL.D., F.G.S. Wm. Black¬ 
wood & Sons. 

Cakareous Cements, by G. H. Redgrave and Charles Spackman. 
Charles Griffin & Co. 1905. 

Limes, CoTnents, Mortars, etc., by G. R. BuinelL The Technical 
Press Ltd. 

Road-making and Maintenance, by T, Aitken. Charles GriiBn & Co. 
The Constrwtion of Roads, Paths, and Sea Defences, by Frank 
Latham, C.E. The Sanitary Publishing Co., Ltd. 

Professor Mahon's ‘Elementary Essay on Road-making,' quoted 
in Rudiments of the Art of ConsirucHng Roads, by H. Law, C.E. 
Weale's Series. The Technical Press Ltd. 

Pioneer Engineering, by E. Dobson. The Technical Press Ltd.; 
figures 41 and 42. 

An article on ‘Broken-stone Roads,’ by Reginald R3^es, in 
En^neering, 1905, pp. 76 and 205. 

Tidal Rivers, by W. H. Wheeler, M.I.C.E, Longmans, Green & Co. 
An article on ’Coast Erosion and Reclamation,' in The Engineer 
of 27th April 1906, and subsequent numbers. 

Coast Erosion and Foreshore ProtecEon. by J, S. Owens. U.D.. 
A.MI.CE., F.R.G.S-, and G. 0 . Case. St Bride’s Press; 
figures 43-46. 

Some of the books mentioned in the various Bibliographies at 
the end of Part I and of subsequent chapters, e.g. Humber’s Water 
Supply of CiEes and Towns; Ansted’s Elementary Geology, etc. 
may be considered out of date, but they contain much %^uable 
information on what I may term ‘geological engineering,’ which 
is, I believe, not to be found elsewhere. 


jMly 1938 , 


R- F. SORSBIE 
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INTRODUCTION 


Geology is the science which investigates the physical history of 
the earth. It treats of the agents which produce changes on the 
earth's surface and within it, and seeks to determine the manner 
in which the evolution of the earth's great surface features has 
been e&cted. It deals with the materials which form the solid 
framework of the globe, and in these, together with the remains 
and records of past life, finds the data for geological history. 

Practical Uses. That a knowle^e of this science must be a 
great advantage to engineers will be obvious to all who study their 
profession, and espedaUy to those emplo3^ abroad, who often 
must win from Nature the materials with which they may eventu¬ 
ally defy her destructive efforts. 

The following are some of the practical uses of a knowledge 
of geology' 

Hydraulic Engineering. The engineer has to provide and distri¬ 
bute sappUes of water for domestic use for power. He has to 
direct and control the natural flow of surface-waters by drainage 
and river regulation. He has to construct canals, harbours, docks, 
and piers. 

All these works constitute the great branch of our profession 
called hydraulic cnpHsering, and in all of them a knowledge of 
geology is indispensable. 

For waur sitppUcs the engineer most study the geological sCnicCure 
and formation of the area in order to find suitable sites for wells, 
and to ascertain whether artesian wells are possible; the nature 
of the rocks in the gathering grounds of reservoirs and rivers will 
greatly afreet his calculations, and faults and fissures must be 
studied in this connection. Rivrr relation and canal construction 
cannot be adequately treated without a knowledge of geology. 
The drainage and reclamaiion of lands are likewise largely dependent 
on geological factors. Docks, harbours, and piars cannot be efficiently 
constructed without a knowledge of coast ero^n, which depends 
largely on geology. 

Buildup. Geology afrords indispensable information as to the 
stratigraphical porition, availability, composition, durability, and 

xs 


sou 


GEOLOGY FOR ENGINEERS 


weathering properties of rocks^ which afford materials such as 
building stone, clay for bricks and tiles, lime and cement, etc. 

Road-making. Geolcgy is of great importance in guidh^ the 
engineer as to (z] the choice of a line of road, so as to prevent 
slipping and ensure proper drainage; (2) what rocks are obtainable 
and suitable for road metat 

Earthwork. For the engineer making tunnels, cuttlt^ and 
embankments, foundations for bridges, or constructing canals and 
docks, it is most necessary that he should know (i) the character 
of the rocks met with, especially whether hard or soR. and whether 
permeable or not to water; (2} the succession of strata in the 
district and their thickness; (3) the dip of the strata and the 
direction of the drainage. 

Branches of Geology. The chief branches of Geology with which 
the engineer is concerned are: 

(1) Dynamical Geology, relating to the causes of change in the 

earth’s crust. 

(2) Structural Geology, relating to the structure of rock^masses. 

(3) Petrologicai Geology, relating to the origin, occurrence, and 

structure of the constituents of the earth’s crust. 

(4) Historical Geology, relating to the chconol^^al order of strata 

and the succession of forms of life. 

Arrangement Adopted. Branches (i), (2), and (3) are dealt with 
in Part I of this book in a somewhat sketchy manner, which how¬ 
ever, it is hoped, may be found suSdent to enable the engineer to 
follow the chapters on Applied Geology. But for further study of 
these branches, as well as for branch (4), Historical Geology, which 
is omitted altogether for want of space, the engineer is referred to 
standard text-books. 

In Part 11 such geological observation as can be made out of 
doors is briedy described, but for indoor work reference to an 
expert is necessary. 

Part III contains a rfeiim^ of Applied Geology under the heads 
of Water Supply. Building Stones. Bricks and Clays, Limes and 
Cements, Roads, Rivers, Coast Erosion, Soils and Sites for Buildings, 
Drainage and Reclamation. 



PART I 


GENERAL PRINCIPLES 




CHAPTER I 

DYNAMICAL GEOLOGY 


Dyfuorucai Geokgy is the study 0/ the agencies which have prc** 
duced geological changes, their laws and modes of action. 

The ultimate source of all geological energy both inside the earth 
and on its surface Is, so far as we know at present, the sun. 

SECTION I. CHANGES ON THE EARTH’S SURFACE 

The Agencies which effect changes on the surface of the earth 
are atr, watgr. and U/e. In the text^books their action is considered 
separately, but the engineer must remember that the work of the 
various agencies is so intimately connected that it is often impossible 
to say that the effects produced, whether destructive, transportive, 
or constructive, are due to any one of them. 

DenudaUon is the process by which the surface of the ground is 
broken up and its ruins carried away, so as to lay bare new 
surfaces. 

Weathering includes all those changes which occur as a result 
of the action of heat and cold, rain, hail, snow, wind, exposure to 
air, and other atmospheric and chemical processes in rocks and 
other substances. 

As weathering is of great importance to the engineer, it is 
described more fully in Chapter V, Section TV. 

Work of the Atmosphere 

Changes of Temparature cause rocks to Split, and this action is 
accelerated when the rocks contain moisture. The agency of the 
wind as a denuding power is easily underestimated—it abrades 
rocks to such an extent that at times they become shaped like 
mushrooms or gigantic clubs; it lowers the level of the land, and 
in dry countries forms thick deposits, as in Central Asia. The 
formation of losss has been ascrib^ to the action of the wind. It 
is an exceedingly fine yellowish, powdery imbedded loam, and is 
frequently calcareous. Sand-dri^ is sand driven and accumulated 
by the wind. Sand-dunes are low htik which at timpA advance as 
much as 60 feet per annum under the action of the wind. 
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Acts both mechafiically and cberoically. It act$ nechamcaUy 
by washing away loosa matarials. Its chemical action depends 
chiefly upon the substances which it abstracts from the air, and 
produces the following changes: (a) Oxidation —fontiii^ a thin 
oxidised layer on the surface of rocks, which sinks in if not washed 
oS St once; (b) organic particles taken up by rain 

will reduce peroxides to protoxides; (c) —by the mere 

action of water, s.g, rock*8ait, or by the carbonic acid present; 
(d) FormcUon of carhonaUs — 1.%. lime dissolved by carbonic add 
may be redeposited when the water evaporates, and felspars may 
be decomposed; (e) HydraHon-^^Offit rocks will absorb water and 
become disrupted, e.g. anhydrite into gypeum. 

The Formation of Soil and Subsoil is due to a variety of processes, 
of which the chemical action of rain is perhaps the most important. 

The rock-surface is broken up by the weathering processes re¬ 
ferred to above, as well as by the action of vegetation. If the 

ground is level or concave, soil is 
formed in situ (see fig, i), but if 
convex, the disintegrated material 
is carried down by the rain into 
the hollows, or washed away by 
streams to be deposited in pools, 
lakes, or oceans, and eventually 
Fic. 2. Rocks passmg op ioto soil, form new rocks. It may thus leave 

earih piUars when a large block 
of conglomerate, etc., or stone protects the soil from disintegration; 
and by washing oB the soil on h^her ground it exposes fresh sur¬ 
faces to dirintegration, and the process of soil manufacture is thus 
continually renewed. 

Rain accumulates material on the slopes below steep cHfTs, 
forming what is called a talus. 

Screes are loi^ trails of loose blocks collected on the slopes 
beneath predpitocs mountain-sides. 

Rain-vash is the name given to accumulations of soil, often 
mixed with angular fragments of rock, which are washed down into 
the hollows, and often furnish brick-earths. 



Work op UNDERORomo Water 
Source. A large portion of the rain which falls on the land sinks 
into the ground and is lost to sight. The remainder is either 
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evaporated or flows off into streams and rivers, and eventually 
most of it finds its way into the sea (see Work of Running WeUsr 
below). 

Most soils and rocks are more or less porous, the harder rocks 
are usually so broken by joints and fissures that water easily pene¬ 
trates to a considerable depth. The greatest depth reached may 
be assumed to be about six miles. 

Springs are due to the intervention of impervious strata which 
hold up the water and enable it to reappear at the surface. See 
Chapter VII, in which both springs and wells are dealt with. 

Amount of TJndergroiuid Water. This depends on the following 

(i) Amount of rainfail. 

(a) Raio of rainfaU. The heavier the fall the less water sinks 
into the ground, as the surface soon becomes waterlogged. 

(3) Formation of the surface. The flatter the ground, the more 
water will sink in; the steeper the slope, the quicker the water 
runs off. 

(4) Texture of ike soil. 

(5) Texture and sirucUtre of the underlying rock. Stratified rock is 
usually more favourable for the entrance of water than massive 
rock. 

Chemical Action. Just as the chemical action of rain produces 
changes such as oxidation, formation of carbonates, hydration, etc. 
so underground water may produce changes analogous to weather¬ 
ing, which are often intensified by internal heat and pressing. The 
subtraction of sohble matter from rock renders it porous. The 
of certain mineral substances for others extracted from 
the rock is frequently effected. In districts containing rocks which 
are easily solnUe, SiAhTranean channels and caverns are often found. 
In calcareous districts, vertical cavities called stfalktsii-Ao/ffs tyt sinks 
may be formed. SUdactiUs and StalagmiUs are due to the action 
of xmderground water. 

Landslips are common in volcanic districts. The chief agent, 
however, is water, which most commonly acts by insinuating itself 
into minute cracks which are widened and deepened by frost. 
When the fissure becomes sufficiently deep, on the melting of the 
ice a landslip occura Sometimes when the strata are very much 
inclined and rest on an impermeable bed like clay, the water which 
percolates through the more porous rocks above, softens the clay, 
which becomes slippery, and the superincumbent mass slides over 
it to a lower level. 
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WoFK OP Running Water 

Source. A large proportion of the rain which falls on the earth 
is carried oil at once by a vast natural drainage system, which forms 
a network over the land. Passing rapidly from the higher ground 
by streams and brooks into rivers, which eventually find their 
way into the sea. the running water carries with it a large amount 
of roatenaj in the shape of mechanical sediment, or in solution, 
the major portion of \^ich is deposited in the lower levels (see 
Dfiposilicn below), though some finds its way into the sea. 

Brooks and rivers would cease to flow in dry weather but for the 
&ct that they are fed by springs which originate as described above, 
and in greater detail in Chapter VII; also by mist, dew, and 
melted snow. 

The Work done by running water is chiefly mechanical, and may 
be subdivided into (i) erosion, (a) transportation, and (3} deposition; 
but these are interdependent. Erosion is increased and accelerated 
by the amount of sediment transported, and deposition depends on the 
rate of transportation as well as on the amount of sediment carried. 

The mineral matter carried in solution by running water is 
derived from rain passing over rocks or from springs. It increases 
the Tuechaoical action, but is not of great importance otherwise. 

Erosion. The gravtl roUid ahng thi btd of a stream serves as a 
tool to excavate the channel. The maiUr carrUd in iuspwsion 
also has an excavating and erosive eSect. The rate of erosion 
depends 00 (i) the nature of the channel, (ii) the rock formation, 
(iii) the climate. 

(i) Naiwe of Channel. The greater the slope the more rapid 
is the rate of erosion, both in the channel of a stream and in the 
basin which it drains. In places where an eddy occurs and there 
is a gravelly bottom, the drcular motion of the gravel excavates 
pot-holes or depressions in the river bottom. 

(ii) Rock formation. The rate of erosion is dependent on both 
the structural and petrological characters of the rock (see 
Chapter IV). Stratified and jointed rocks, or those possessing 
cleavage properties (see Chapter II, Section III), like slate, are more 
easily er<^ed than mastive rocks, and fine-grained, compact rocks 
resist erosion much better than those which cohere loosely. 

Angular fragments have far more eroding efiect than the rounded 
fragments afforded by conglomerates, etc. 

If the rock is soluble it will be easily eroded ; but if the cementing 
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material of the rock is soluble while the harder portions remain 
undissolved, the rock will be an efficient eroding agent. 

(iii) Climate. The most important factor in promoting erosion 
is rain, and, where conditions are favourable to weathering, the 
rate of erosion will be more rapid than where but little weatherii^ 
takes place. 

The Tiacsportation efiected by a stream depends on (i) trans¬ 
porting power of the current, (ii) accessibility of materials, (iii) 
chemical composition of the water. 

(i) TtaneporUng pomr depends on the velocity, and varies as 
the sixth power of the velocity. The vdocity of a stream depends 
chiefly on its gradient, its volume, and the amount of sediment it 
moves, the latter absorbing a certain amount of energy which 
reduces the velocity. The velocity of a current is greatest in the 
centre of a river and least at its borders. In ordinary cases the 
least, mean, and greatest velocities may be taken as bearing to 
each other nearly the proportion of 3, 4, and 3. 

The following are the effects in the removal and transport of 
various materials by currents of given velocities acting on the bed 
of a river:— 


Soft clay requires a velocity of 
Fine sand ,, ,, . ; 

Coarse sand and gravel as large as peas 
require a s^odty of . 

Grav^ as large as French beans requires a 

velocity of. 

Gravel of pebbles i inch diameter requires 
a velocity of .... . 

Pebbles inch diameter require a vebdty 
of ...... . 

Heavy shingle requires a velocity of 
Soft rock, brick, earthenware require a 

velocity of. 

Larger blocks of rock require a vclodty of 


0*25 feet per second 

0*50 .. 

070 ,. 

r-00 „ 

2*25 .. 

333 

400 „ „ 


4.50 
600 
and upwards 


(ii) MateriaU. The average specific gravity of the materials varies 
from two to three times that of water, and consequently, when 
stones, etc,, are carried along by the water, they lose from one-half 
to one-third thdr weight in air, and thus large blocks are easily 
carried along. 

Coarse materials such as small stones, gravel, and coarse grains of 
sand are rolled along the bottoms of streams, but finer partides of 
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matter are held in 8Uspen$ioi:i, although their specific gravity is 
greater than water, by subordinate upward or rotatory currents 
which are set in motion by obstacles such as boulders, ox by difierent 
velocities in different parts of the stream which exert different 
pressure on the sides of the particles in suspension. 

(iii) Chemical compesiHen. Water chemically impure contains a 
con»derable amount of mineral matter in solution, which reduces 
its transporting capacity below that of pure water. 

Deposition takes place when the velocity of a stream is checked. 
The sediment thus deposited is called ailwwin. Deposits usually 
occur under the following conditions 

(a) Where the gradient is suddenly decreased, aUwial fane or 
C 07 U 9 are formed. 

(d) Where the gradient is gradually reduced, deposits will form 
slowly, covering the flood plains of streams and forming aliuvial 
piaine. 

(c) In these allu^dal plains or fiats, owing to the gentle current, 
there is a tendency to meander, and both deposition and erosion 
take place at the same time, alluvium being deposited on the 
concave side of each bend, while the bank is undercut on the convex 

the sinuo^ties being thereby gradually increased. Sudden 
floods, however, will often form short cuts, eliminating the bends, 
and they will also carry away some of the alluvium previously 
deposited, making the bed deeper, and leaving part of the old bed 
high and dry. River Urraeet are formed in this way (see Chapter XII, 
Section I). 

(d) Where rivers and streams reach the sea, and the tides are 
low, ieltds occur which spread out to sea. Strong tides and coast¬ 
wise currents prevent the formation of deltas. 

(e) Similar action occvxi in lakei, which get gradually filled up 
with alluvium. Rivers also give rise to lakes, either by obstructing 
their tributaries by deposition at the junction of the latter, or, 
when the tributaries contribute mere sediment than the main 
stream can carry, the latter drops part of its load and forms a bar 
which dams up the main stream and forms a lake. 

(/) Bars are formed at the mouths of tidal rivers by the deposition 
of alluvium, due to the oscillation between the river- and sea-water. 

WoBK OF Frost, Snow, and Ice 

Frost assists weathering and accelerates landslips. It acts with 
great intensity at htgh levels and in high latitudes, but even in 
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temperate regiond its action is very marked and productive of great 
disintegration of rocks. Indeed, in the production of weathered 
crusts of rocks, frost is hardly less active than rain. Frost will 
split stone full of 'quany sap' {cf. Chapter Vll, Section II, 
' Saturation,’ etc.; Ciapter VllI, Section I, ' Quarrying/ and 
Section III,' Seasoning') if it is brought to the surface in winter. 

Snow and lee. Snow often causes doods by temporarily blocking 
up valleys. It protects the surfece of the ground from the action 
of frost. 

Above the snowline there is a continual process of accumulation 
of snow, which presses downwards and converts the lower portion 
of the accumulated mass into ice, forming The continual 

pressure from above gradually forces the ice to escape downwards 
by any available outlets. On the steeper slopes great masses of 
snow break away in the form of avalanches, which sweep down 
rocks and trees on steep hillsides, and on the gentler slopes factors, 
which are in efiect rivers of ice, are formed. The morion resembles 
that of a river, quicker in the middle than at the sides and bottom. 
Crevasses are large cracks which are caused by the strains set up by 
the movement of the glacier. They extend across the glacier in 
curves, which are convex towards its source and are often very deep. 

The work done by glaciers is similar to that done by running 
water, and includes erosion, transportation, and deposition. 

Rocks subjected to ^aciation are distinguished by scratches all 
in one direction, where they have scraped along the bottom. 



Fits, a. Roeltee caodtoAs6e9. 


Erratic blocks are large stones carried dovm to lower levels by the 
ice, and are called perched blccks when they are left in precarious 
situations. Rounded masses of glaciated rock are sometimes called 
roehes montonnies (fig. 2), from thrir resemblance to reclining 
shecp- 

FUtvio^laeial drifts conrist of the angular fragments transported 
by the ice, mixed with the more or less watcr-wom drifts transported 
by the glacier river which issues from an ice-tunnel at the end of the 
glacier. 
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The broken-up rock and d&ys that accumulate under a glacier 
or sheet of ice, as well as all the drift that is deposited beneath the 
advancing ice, constitute what is termed bouldeKlay or tiU or 
^ound^mcraine. 


The Work of the Sea 

Processes. Those portions of the earth's crust which are covered 
by seas are ailected by the same three processes as the actual land 
surfaces, viz.: 

(l) Crust movements or di<isir»phistn. 

(s) Volcanic action or wkanitn. 

(3) Gradation. 

Of these the first two processes are discussed in Section II. 

Gradation. On land, degradation predominates and aggradation 
is less important, but in the sea aggradation is far more important 
than degradation. The degrading or denuding action of the sea is 
termed vutriiu denudation to distinguish it from subaerial denude- 
^on, and though the sudden destruction caused by the sea often 
appears great, it is in reality of less geological importance than the 
gradual action of subaerial denuding agents. 

The gradational processes at work in the sea are greatest near 
its shores. They are chiefly mechanical, by mos'ements of the 
water, but also chemical, due to predpitation of solution, and 
organic, eg. corals, shells, and carbonaceous matter producir^ 
deposition. 

Uorements of the Water (see Chapter XJII}. These are actuated 
by (]) tides, [i] wind, (3) differences of level due to influences 
exterior to the surface of the earth, (4) volcanic disturbances or 
other earth movements. These all tend to produce (a) waves, or 
(h) sea-currents. 

Wave-action. Waves are caused by (o) tides, (i) wind, (c) volcanic 
disturbances; but their action is similar in each case, the difference 
being only as regards their intensity. Tidal waves are usually 
increased by wind. When passing through narrow straits the tide 
becomes a current and may be an effective agent of erosion. 

The highest part of the wave is called the crest, the lowest the 
trough ; the distance from <^st to crest or from trough to trough 
is called the Urtgth of the wave, and the vertical height of the crest 
above the trough is the height or ampUiude. 

When waves flow in on a shelving beach the velocity of the 
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undulation diminishes, the troughs become flatter and the crests 
higher. At length the crest begins to curl over, and finally it 
topples as a hrcalur upon the shore. 

The water carried forward by waves recedes aloi^ the bottom 
and forms the under-hv. When the wave is oblique to the shore 
an oi^yTt^shore curreni is produced, but the under-tow remains at 
right angles to the shore. 

Sea-currents. The eflect of oceanic currents is not of rauch 
importance, since they do not touch bottom, but in places where 
they are forced through narrow and shallow passages they have 
considerable abrading efiect. 

Many coast-lines are, however, swept by currents that hug the 
shore and run in one direction during the whole or greater part 
of the year. These edensshore or liUorol ouirente may be termed 
rivers of sea-watei, and. like freshwater rivers, they are important 
agents of transport and erosion (see Chapter XIII. Section III). 

Erosion. Chemical action. The free carbonic add in sea-vratcr 
dissolves all kinds of calcareous rocks and attacks felspar in igneous 
rocks. The free oxygen continues the disintegration by oxidisii^ 
the iron-bearing minerals. Mechanical action. The action of the 
sea on a coast (see Chapter XIII) is chiefly of an auxiliary nature 
in that its principal work is to pulverize and dispose of material 
brought down from the clifls or on the shore by atmospheric agency, 
but it has a direct action between low- and high-water levels. 
The downward efiective range of wave-action is very limited, and 
submarine structures are little disturbed at 15 to 25 feet below 
the surface. 

Erosion is efiected both by the waves themselves and by the de¬ 
tritus carried by them. The 
waves, armed with the loose 
material which falls from 
above, cut like a saw and will 
often undercut cliffs, esped- 
• ally where a hard rock above 
high-water level overlies 

softer rock (see fig. 3). As Fig. 3. Action of sea on rocks of coast, 
the widercatting continues, *■ 

large rocks and boulders fall 

from above, which are soon reduced to smaller dimensions, and in 
their turn reinforce the waves in their eroding action. 

abrading poaer of wave depends not only on the relative 
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hardness oi the rocks of which the coast is composed, but also on 
the position of the beds, and on the planes of cleava^ and of 
joints (see Chapters 11 and IV). 

Some rocks, such as slate, stand the effect of waves very well 
Limestone, on the other hand, gets much eroded by the action of 
carbonic add in sea^water. 

The power of the waves is often very great (see Chapter XIII, 
Section III, rs ‘Breakers'). 

If the earth’s crust had remained stationary and no uplift h?d 
taken place, maiine erosion, combined with the erosive action of 
other agents, would have produced a level plain covered by the sea. 
Such a plain is termed a plain of marins dsnudoHon, or base lead of 
erosion ; and geological history tells u$ that many such plains 
have been formed and subsequently uplifted, becoming some of 
the great plains of the earth. 

Transportatiou and Deposition. The eroded material is carried 
away by the action of the waves, under-tow, and shore currents, 
which ^ep the sediment in transit and gradually sift it so that the 
coarsest materials accumulate when there is most agitation, and 
the hner parts remain in suspension or are deposited in calmer water. 

Aloi^hore currents produce what is termed Uitoral drift {cf. 
Chapter XIII, Section II), i.e. the travel of loose material parallel 
to the shore. This material may be deposited on headlands or in 
estuaries. Littoral drift usually foEows the direction of the tides. 

Incoming waves bring material to the shore and the under-tow 
carries out detritus; hence where the waves break, ridges or barriers 
are formed which may increase until they enclose lagoons, and 
eventually the latter become hlied with sediment. Deposition 
usually takes place opposite the mouth of a bay. owing to the 
shore current checked in the deeper water of the bay. 

Oceanic DeposiU. These consist of (a) Pelagic deposits formed 
in deep water remote ftom land, and (b) Terrigenous deposits 
formed in water close to land. 

Pdegic deposits conast of the following deep-sea deposits: 
(i) Red clay, (a) Radiolarian ooze, (3) Diatom ooze, (4) Globigerina 
ooze, (5) Ptercppod ooze. 

Terrigenous deposits are divided into (a) Deep-sea deposits 
known as HemipeUgic. and extending from the xoo-fathom line to 
where terrigenous merge into pelagic deposits, and comprise 
(6) Blue mud, {7) Red mud, (8) Green mud, (9) Volcanic mud, and 
(10) Coral mud. 
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(b) ShaJJow-water or Thalasiic depoats found between the loo- 
fathom line and low-water mark, and consUting of sands, gravels, 
muds. etc. 

(c) Liiioral deposits, consisting of boulders, gravels, sands, and 
other coarse materials derived from the land (see Chapter XIII, 
Section 11 ). 


The Work of Livino Organisms 

Vegetable. The roots of plants and trees open up the subsoil to 
the action of air and water, and may even split ro^. The roots 
or branches of sand-loving plants protect loose soil or sand from 
removal by the wind. Moisture-loving plants keep the surfaces 
of rocks moist and thus promote decay. Lime-secreting plants 
encrust rocks on shores of seas and lakes and form sheets of lime¬ 
stone. The decay of plants furnishes strong adds which aid the 
action of water on rocks and minerals and add to the soil. Sea¬ 
weeds often break the force of the waves or lessen the effects of the 
ground-swell. Peat-mosses and mangrove and other swamps are 
accumulations of plant growth. 

Vegetation often checks erodon by foiming a sort of carpet of 
turf, etc., which protects the sur&ce of the land. Woods and forests 
attract rain, and so increase the action due to rain and running 
water (see above). Moist wood is slowly converted by decay into 
a brown substance called Humus, and fonns the chief part of the 
organic matter in soils; the regw or black cotton soil of India is 
formed from decayed vegetation; and hog-dron ore is formed by 
the action of decayed vegetation on iron. 

SUicsous or flinty vegetable accumulations take place in fresh 
water through the growth and decay of iiedoms, which also form 
e:ctended deposits in the ocean. 

Animal. Burromng animals expose the soil to denudation. 
Dams made by beavers often alter watercourses. Marine-boring 
shells pierce limestone and promote its decay. Dec<^fig animal 
matter adds to the effect of dect^ng v^eiabie Matter in promoting 
the disintegration of rocks. Limestone is chiefly formed from 
animal remains, and coral reefs are built by living organisms. 
Man interferes with the action of Nature in many and various 
ways: affecting meteorological conditions by removing and plant¬ 
ing forests, interfering with the action of subaerial and subterranean 
agencies by drain^e, agriculture, controlling rivers, and engineering 
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operations for water supply, mines, etc.; and by hia presence in 
large aumbers adds to the soil in towns. 

SEcrrioN n. ceamges within the earth 

The levelling tendency of the external agencies ia cootmually 
opposed and coonteracted by internal agencies. These are (i) 
Volcanic action or Vulcanism, and (a) Movements of the earth or 
Diastropbism, which include (a) the sodden earthquake, and (6) the 
slow, long-continued crusi miwmenL All of these are actuated by 
certain forces within the earth. 

Volcanoes 

The explosive action of volcanoes is due to heated water and 
gases generated near the surface either by radioactivity or other 
causes. The permanent records of volcanic action are (x) volcanic 
products, (2) volcanic vents. 

(z) Volcanic Products. The ejected materials are not only 
spread out round the volcanic crater, but are often carried to 
considerable distances. They may be solid, liquid, or gaseous. 
The steam and gases which are the first products of an eruption 
carry with them dust as well » coarser materials, but of them¬ 
selves leave scarcely any lasting mark. The gases may, however, 
act chemically upon the neighbouring rocks, or produce deposits 
of sulphur or other mlnerab. 

The gases, etc., are followed by fraqmontary maieriais. and after 
the shower of these has sub^ded, molten lava wells up from the 
interior of the volcano. 

LoiMi counts of molten or half-molten rocky material containing 
a large quantity of water, which escapes from it in the state of 
steim, filling the upper portion of the lava stream with bubbles, 
and Tendering it light and full of vertdes (f.e. small spherical or 
bubble-shaped cavities). The vesicles are elongated by the motion 
of the lava stream, and as the heat escapes by radiation, a crust 
ts formed which may be broken up into sooHa or cellular fr^ments 
resembling cinders. This crust checks the escape of beat, but the 
upper portion of the lava stream, owing to radiation through the 
cracks and vesicles and conduction through the thin layer of the 
upper portion, cools far more rapidly than the central and lower 
portions. The rapid cooling is unfavourable to the formation of 
crystals, and the texture of the rocks becomes glassy (vitreous) 
or stony (iithoid) and cryptoa7stalLuie. 
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The vitreous oi glassy form of add ^ lavas is called or 

simply voZcawc glass ; and the black glassy form of basic»lavas 
iacJ^fyta. Pumtcs is a highly vesicular light, spongy glass, formed 
on the surface of add lavas and frequently fibrous. It is really 
a dndery form of obsidian. 

Fragftuniary maUrtals consist of blocks, bombs, lapiili, scoria, 
ash, and dust. The blocks are often very large and generally more 
or less angular; when consolidated they form vcUame drecctVr, 
LaptUi are small stones varying in size from that of a pea to a 
walnut. 

The finer material ejected from volcanoes is frequently subjected 
to wind sorting, and hence is at times deposited in layers which 
often possess a stratified appearance. Such bedded material is 
called voUoHic tuff. 

(3) Volcanic Vents. All the time that the eruption is in progress 
the volcano undergoes changes in form, partly from the accumulation 
of ejected materials on its fianks, partly from the building up of 
new lateral cones upon it. But more important changes are 
developed at the top of the mountain; for, as tbe superheated 
water rises towards the surface, and flashes into steam in the throat, 
its explosive force blows out the loose materials of which the cone 
was composed; and thus the mountain becomes truncated, and 
its conical upward termination is often replaced by a funnel-shaped 
pit, which does not alwa3's become entirely obliterated by subse¬ 
quent eruption, 

Crust Movsu£mts 

Sea-level Changes. The sedimentary rocks which constitute the 
main mass of the land either have been elevated to their present 
position, or the sea has been lowered. In which latter case the 
sea, which must have been lowered over its whole area, must have 
been reduced in depth equal to the height of some of the highest 
mountains. But the quantity of water on the earth remains the 
same; hence, if the sea-level char^:es, such change must arise from 
the fonnation of hollows in the crust of the earth, the filling up 
of its deeper parts, or by the contraction of its capacity by tbe 
rising of the solid rock. 

Evidences of oscillation of level are met with in the occurrence 

^ WbcQ the Is is excess of the ^ssee—iroa, aluaioa. lime, poUsb, 
soOa—rock is said to be Add or acidic ; where tbe percesUge of silica 
is low, the rock is said to be hade. 
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of S 6 a-h€achts now far removed from the action of the sea, sunken 
ro^, and submerged for 6 $ts. and such movements are indicated by 
accurate measurements referred to some standard of level whidi 
has not been disturbed. 

Alterations of land levels, by elevation or depression^ which are 
found in diderent parts of the world, are the effects of subterranean 
movements, and aie of two kinds: 

(1) Secular, or movements progressing slowly. 

(2) Paroxysmal, taking place snddenly, and which are intimately 
connected with earthquakes (see below). 

Secular movements may be local or widespread- In the former 
case they are due to chemical chaises in the rocks or xnixieials, 
whether by solution of rocks such as rock-salt, limestone, or gypsum, 
or of some of the constituents of rocks such as granite, basalt, etc., 
oi by hydration or carbonation (c/. Section I). Wdespread move¬ 
ments may be due to loss of the internal heat of the earth by 
radiation, causing shrinking and crumpling of the earth's crust. 

EAStra^UAKES 

Earthquakes are closely connected with the crust movements 
above described. They occur most ii^ueiitly where folding and 
faulting are of recent origin, but axe sometimes the result of volcanic 
action, and often precede or accompany eruptions. They may 
be due to settlement in regions of less than average density, or 
where the roo& of underground hollows collapse. 

Earthquakes are more frequent near the sea than far from it, 
and are common among many of the great mountain ranges of the 
world. 

The geological effect of earthquakes is not so great as might 
be supposed. They sometimes cause a peimanent elevation or 
depressLon of the land, as well as landslips and rents of the ground. 
Indirectly they may produce derangements of lakes, rivers, and 
springs. 

CHAI90ES IK Rocks 

Causes. The forces—heat, water, and pressure^wMch set in 
motion the larger earth movements have also a considerable effect 
on the actual rocks. 

Heai^ Not only does the original heat of the globe, as well as 
the heat due to the transformation of roechanicd energy in the 
crushing and crumpling of rocks, act upon the rocks themselves. 
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but the heat doe to chemical changes within the earih’s crust must 
also be taken into account. Kocks expand oa fusion and contract 
on solidification. 

Wai^. All rocks contain water within their pores, which is 
known as intersHHai water, and the minute cavities in crystals are 
usually filled with water. This water usually contains other matters 
in solution, and thus has a powerful chemical eHect which is greatly 
enhanced by heat. 

Pressure acts (i) verticaUy, producing consohdation; {s) laterally, 
producing or tending to produce metajnorphism; and (3) as a heat 
producer. 

ESects, These forces produce the following results 

Structural ckoracUrs, such as joints, folds or plications, faults, 
foliation, cleavage, etc., are established (see Chapter 11 ). 

MeUmcrphism, or a total change of condition in rocks, such 
that their original characteristics have become disguised or wholly 
obliterated (see Chapter II, Section III). 
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STRUCTURAL GEOLOGY 

Structural Character of Eoclts. The method of bailding up the 
component parts of rocks, known as the ziructwe or Uxiurt, is 
described in Chapter IV, Section III. In this chapter we are 
concerned with Structural Geology, which deals with the larger 
structural features of rock-masses. 

From the structural point of view rocks may be massive, i.e. 
compact and homogeneous; bedded or straHfi ^; or foliated, s.s. 
with division planes imposed by pressure. It will, however, be 
more convenient io consider the structural character of rocks 
according to their mode of origin, viz. Igneous, or generated by 
heat; Aqueous, or water-formed ; and Altered and Meiamorphic, 
or those which have undergone change. 

Most %neou5 rocks are massive, but some aqueous rocks also 
have this characteristic. In some aqueous rocks the bedding planes 
are indistinguishable, i^ile some igneous rocks are bedded. Many 
but not all altered and metamorphic rocks are foliated. 

SBCTION I. IGNEOUS BOCKS 

These have all consolidated from a state of fusion. The majority 
are or aysiaUiue. others are fragmenial. The massive 

igneous rocks are generally completely crystalline, but a few are 
more or less vitreous, and some contain a certain amount of 
amorphoua matter. The fragmental igneous rocks consist of 
volcanic ashes compacted more or less firmly. 

Occurrence. The crystallise or massive varieties may occur 
either as effuawe or volcanic rocks, i.e. lavas which have been 
ejected and then consolidated, or as intrusive rocks which have 
been injected from below into cracks and fissures in the strata, 
and cooled below superincumbent masses. 

Again, intrusive rocks may be pUdonic or abyssal, «.& those which 
consolidated at considerable depth within the earth's crust, or 
they may be kypahyssd or dyke rocks, i.e. those filling cavities 
which have cooled more rapidly than plutonic rocks, but not 
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sc» rapidly as volcanic roclcs. Hypabyasal rocJ» are sometunes 
known as ‘Intrusive' rocks, but the latter term is more generally 
applied to both plutonic and hypabyssal rocks. 

A plutonic rock may have exactly the same mineralogieal com¬ 
position as a volcanic rock, having issued from the same molten 
rock-mass, but owing to the different conditioiu under which it 
solidiiied it will differ in the following points:— 

(1) It wiE contain no vesicular, slaggy, or glassy portions. 

(2) It will generally be more coarsely and completely crystalline. 

(3) It will not be stratified. 

(4) The crystals will probably contain no water-cavities. 


Effusive Rocks are either massive or crystalline lavas, fragmentary 
ashes, lapiJii, etc. 

The effusive rocks that issue from a volcanic vent {cf. Chapter I, 
Section 11 ) usually form rtretrms; while those that issue from fissures 
may either form streams or may spread over the country in shuts. 
filling up inequalities of the ground as they do so. 

The vesicle of andent lavas are often filied by amygdaicnds or 
almond-like inclusions, which frequently yield agates or zeolites. 

The stratified ashes and tuffs are called pyrodastU sediments to 
distii^ish them from aqueous sediments. 

Intrusive Bocks are dasaihed according to tbe nature of the 
cavity in which they have been conso l idated, as follows 

Nechs or Plugs are volcanic chimneys which have been filled up 
with erupted material, and have been 
exposed at the surface by denudation. 

Veins are strings of rock filling nar¬ 
row, irregular crevices which often have 
many ramifications. 

Dyhss (fig. 4) are wall-like masses 
of rock filling regular-shaped fissures, 
more or less parallel-sided, and cutting 
across the planes of bedding. They are 
generally nearly vertical or highly in¬ 
clined, Occasionally a dyke may be hollow, the lava ha^g solidi¬ 
fied only at the margin of the fissure. 

Sills, or intrusive sA«fr, are bed-like masses which have been 
thrust between the planes of sedimentary or even igneous rocks. 

Lacc^iUs are cUtem or cake-shaped masses,'with a fiat base, 
thinning out at tbe sides, which have consolidated in the space 
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where the overlying strata have been forced up into an arch or 
anIiclinaL 

Baiholiihs are conical masses which rise from great depths and 
eat into the strata lying above and around them. They have 
vertical margins. 

Bysmaiith is an intrusive mass in shape more like a plug or core, 
but rising from great depths and Suiting the overlying beds Instead 
of archi^ them. Its vertical dimensions are greater than its 
lateral ones. 

Soss 6 $ or 52 ocitr are the largest and moat shapeless masses of 
extruded material They include large bodies of granite which 
have risen through the sedimentary rocks and cover extensive areas, 
often many miles across. From their margins, veins, dykes, and 
strings run out into the surrounding rocks which have been altered 
by contact-metaznorphism (see below). 

Joints. * When igneous rocks cool they contract, and thus 
fissures called “ joints " appear in them. These joints run through 



Fic. 5. ]oliit«d structure Pio, 6 . Colocniar stnictuie 
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the rock in difierent directions, according to its composition and the 
conditions imder which it cooled; and at times the gamp rodz 
presents two or three kinds of joints, or it shows no joints at all. 
In granite (see fig. 5) the prevalent joznts run in straight lines, 
which cross each other at some angle; while in basalt (see fig. 6), 
pbonoUte, and some other rocks the joints often form hexagonU 
columns, which may be straight or curved, and vary from an in ch 
or two in diameter up to a width of many feet,' * 

SECTION n. AQUEOUS BOCKS 
These have been originally deposited in water. Their particles 
are usually smoooth and roimded; they contain fossils and are 
generally stratified, though some aqueous rocks are nnstratified and 
1 PMUipi! Manual of Otcloiy. Part 2 . H. G, Seuley, p, 42, 
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some igneous rocks are stratified (see above). As a rule they are 
derived from other rocks. 

After deposition various changes occur. 

1. They are consolidated and stratified. 

2. The strata become inclined. 

3 - The strata are bent and sometimes inverted. 

4- Joints are formed. 

5. Fractures and movements cause dislocation. 

(i) Consolidation akd Stratification 

The Sediment carried off by the action of wind and water, as 
described in Chapter I, is laid down in lake and river bottoms or 
the fioor of the sea and consolidated into rocks, in r^ular layers, 
^ala, or tabular masses of various thicknesses. 

The sediments are at first in an incoherent condition, 94. sands, 
cla3rs, gravels, etc,, but with few exceptions they gradually become 
indurated by the combined action of pressure, heat, and infiltrating 
water. 

Stratified rocks are generally non-c^3'stalline and fbsaiUferous, 
and the order of superposition is constant. This principle is our 
chief guide in tracing the geological fonnations. 

Forms of Sedding. The thinnest separable layers or sheets in 
the planes of deposition are called Uartina. They may be parallel 
or oblique to the general stratification. They are generaEy found 
in fine>gramed rocks. 

The thidter layers are usually called htds or strata. Single beds 
may be as much as 200 feet thick, bnt the average thickness is 
about 5 feet. There may be as many as thirty or forty lamina 
to the inch. 

The lines of stratification must net be confused with those of 
lamination or of joints, cleavage, foliation, or flow-structure (see 
below). 

The strata or beds, according to the conditions in which they 
were laid down or formed, may be: (t) FluviatUe (in river-beds); 
(2) Glacial; (3) Estuarine or Fluvio-marine (at the mouths of 
rivers); (4) Lacustrine (in lakes); (5) Marine ; (6) Aeolian (formed 
by air). 

False-bedding (%. 7), also called ourrffnt^edding, cross-bsdding^ 
or drift'bedding, is due to changes in the directions of the currents 
which laid down the deposits, and is characterised by lamins laid 
at various angles to the plane of the bed. It is a common feature 
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amon^ co&rse sandstones, giving them a rough, uneven surface and 

a tendency to oblique fracture. 

While it is tree that the strata, which cover extensive districts, 
follow one another in strictly chronoI<^ical order, still they are by 
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no means uniform. The difierent strata often thin ont in places 
so that they assume a wedge-shaped or Icniicular section, and 
occasionally, owing to local modifications, strata are interposed in 
places (fig. $). 

Character of Strata. Fme-grained deposits, such as limestone 
and shale, have a tendency to be more persistent and to cover 
larger areas than do coi^lomerates and sandstones. Certain 
varieties of rock are often associated together; thus fine-grained 



Fte, 8. Lentjcnlar, iaterposed, 
and divided b«d&. 





if Mt 


Fig. 9. AlteroatioQ of beds. 


sandstone occurs with shale, coi^lomerate with grit, limestone with 
fine shales, etc. 

Moreover, individual beds may vary in difierent places. Con¬ 
glomerate may pass into sandstone, sandstone into shale, and shale 
into limestone. 

Alternation of Beds. When sets of strata are in contact>-aa. for 
instance, limestone lying upon sandstone—it often happens that 
while the limestone above and the sandstone below are unmixed 
with other matter, there is a mi ddle of beds composed of 
alternate layers of the sandstone and limestone. Thus in fig. 9 
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let a be CoralUce OoHte and b Calcareous Sa&dstooe; the middle 
beds a', a/ b/ 6' are alteniately oolite and sandstone. 

(ii) Incunation 

Dip and Strike. Where strata have been tilted their inclination 
referred to a horisootal plane is termed the dip. The amovuit of 
inclination, or angle of ^p. is expressed in degrees and measured 
by a clinometer. The direction of the dip, which is always the 
steepest line of the inclined suxfece, is measured with a compass. 
To find the amount and direction of the dip, see Chapter VT. 

The of direction followed by an inclined bed in crossing the 
country is known as its sirilu. Strictly speaku^, the strike is the 
intersectpm 0/ the plane of the surface of the inclined bed wth a hori- 
zorUai pUtne. !f a fiat piece of cardboard is held in an inclined 
position in a trough of water, the horizontal line of intersection 
of the surface of the cardboard with the surface of the water answers 
to the line of strike ; and a drop of water placed on the cardboard, 
in air, will run down the steepest line upon the card and mark 
the line of dip. 

The direction of the strike is indicated by its compass bearing, 
and is always at right angles to the direction of the dip. The 
strike of a bed is usually more or less straight, but if the bed is 
bent or folded, the strike necessarily curves or changes from point 
to point. 

The exposure at or above the surface of the ground of any 
stratum, vein, dyke, or deposit of rock is termed its Outcrop, The 
line of outcrop, or 6ass« edge, is the line where the stratum, etc., 
cuts the surface of the ground. It is also known as the line where 
the bed 'comes to-day.’ It corresponds with the boundary line 
of the overlying formation (c/. Chapter VI, Section 1 ). 

If the ground is level the direction of the outcrop of a bed 
coincides with its strike, but not otherwise. The breadth of the 
outcrop depends on the ar^ulai difference between iht slope of the 
ground and the slope of the bed (c/. Chapter VT, Section II). 

An Outlier is a portion of a stratum which has become separated 
from the principal mass by denudation, and remains isolated like 
an island. It is always newer than the formation around it (see 
figs. 10 and It). An Iniier is an older d^poat which is exposed 
by the removal of a portion of an overlying stratum, so that it 
lies within a girdle of the surfeice rock (sec figs. 12 and 13). 

Unconformabilily. When there is a break in the successio n of 
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strata and the surface of the older strata becomes denuded, and 
the strata disturbed and inclined before the next strata are laid 
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A. CluJk; B. Upper Gi«9a9and. 
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down, the new strata are said to rest unccmformaJjiy on the old 
strata (see fig. 14). , 

Strata are sometimes conformable ii^ one section, and yet, when 
traced to a distance, are found to be unconformable to the deposits 
on which they rest. This condition is termed overlap or trans- 
gressiort, because the overlying deposit extending beyond the beds 
previously deposited overlaps and covers them up (fig. 25). 





FxG. 15. Diagram of overlap. 


(ni) CunvATURF OS Flexors 

Folds. Owing to the action of the forces referred to in Chapter 1 , 
Section II, strata frequently have been displaced from their hori- 
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zontal position and bent or folded in various directions. Dip is 
always part of a fold. When the strata are folded upwards into 
an arch, it is called an anHcUne or saddU (fig. i6). When the 
strata are folded downwards into a trough, it is called a synclifu 
17 )- 

When the strata are bent from the normal direction for some 




distance and then resome the original direction, it is called Mo/Uh 
cUnai fiexure. 

If the beds dip away in all directions from a centre they are 
to have a fiffridinal or qua-pta-WTsai dip, and the structure is called 
a doiw. If they dip everywhere towards a centre they have a 
c^ntrodifud dip, or form a basin, 

Owrthrusi occurs when the upper or arch limb has been pushed 
over the lower or trough limb; underthrusi, when the lower limb 
has been pushed under the upper one. 

A turned-over fold is called an (n>erJold or irtverUd fold. A succes¬ 
sion of closed inverted folds fonns an isoclinal. Plication is a form 
of minute folding, common among older rocks such as mica, schist, 
gneiss, etc. Rocks very strongly plicated are smd to be contorUd. 

(iv.) Joints 

All water-formed rocks, after being upheaved, dry and shrink- 
This shrinkage is not merely lateral, but to some extent vertical 
also, and th^ shrinkage planes are the beginnings of jotrUs. 
Afterwards, when the strata become strained and bent during the 
changes of level in land, these planes become extended and 
syst^natised in definite directions. 

In sedimentary rocks the joints traverse, as a rule, only a single 
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bed or stratum, fresh joints occuniof in the strata above and below, 
There are usually one set of joints running with the strike and one 
set running with the dip, known as strilu joints and Op joints 
respectively, 

TASta I. JOINTS 


Rock 

Nature of JoicU 

LanuAatod uadscoftea, shale, aad 
•oiue kiadt of slate. 

LimestOQes .... 

Coarse sandstones 

a»y. 

ladnrated ahals .... 

Very nameiotas sod close. 

Less frequent and mors open. Ver* 
tical joints generally re^ar. 

Very Irregolar. 

Vertical joints nucaetous, but small 
and confssed. 

Very long, straight, and parallel. 


blaster Joints. Joints which keep the same direction for long 
distances and run through a considerable thickness of beds are 
called mastor joints. 

(v.) Dislocation 

Faults are the result of vertical movements by which whole 
masses of strata, either horizontal or inclined, being too rigid to 
bend under flexure, are dislocated so that on one side of the line 
of fracture the corresponding rocks are much higher than on the 
other. * This diflerence of level in places sometimes amounts to 
hundreds or even thousands of yards. The succession of strata is 
on each side the same, their thickness and qualities are the same, 
and it seems impossible to doubt that they were once connected in 
continuous planes, and have been fordUy and violently broken 
asunder.* ^ 

The actual plane of fracture and slipping along which the strata 
have given way is known as the fault-plane, the line of 
outcrop of this plane of fracture upon the sur^e of the ground 
as the fauli-Uns. That side of the fanlt'plane upon whJch the 
beds have been relatively depressed is known as the downthrow side 
and the opposite as the upthrow side. The throw is the perpendicular 
distance between the two portions of any dislocated stratum 
id y in flg, id). 

Hade. 'The plane of separation between the elevated and 
depressed portions of the strata is sometimes vertical, but generally 
1 Msnuat of Art I, H. G. Seelsy, p. 76. 
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sloping & little- The direction of inclination of the plane of a 
fault U termed its kaie, and is measured &om the vertical [chfin 
dg. zS). In this case a peculiar general relation is observed between 
the inclination of this plane and the effect of the dislocation. In 
fig. 19, for instance, the plane of separation 2i slopes under the 
depressed and over the devated portions of the disrupted strata, 
making the alternate outer angles acute. 



Fro. 18. SrMdtlk ud throw Fig. 19. Dialocatioo of strata, 

of a ^alt. 


' In several hundred examples of such dislocations which have 
come under notice an exception to this rule is rarely found. The 
dirccli^ of the hade is almost invariably towards the dow 7 c 4 hrow. 
A similar law is found to prevail very generally in the crossing of 
nearly vertical mineral veins ; for mstance, in fig, 20 <3 a are two 
portions of a metallic vein dislocated by another vein b b. In this 



Pro. 30 . DiJlocAtaon of vein. Fie. 31. Reversed firalt. 

case the relation of the line 6 6 to the lines a a is the same as that 
of 2 s' to the lines ^ in fig. 19, 

* The contrary appearances, had they occurred, would have been 
as represented in tg. 21, and such occur in the mining district of 
Cornwall; they are termed upthrow or reversed faults. When 
faults are parallel to each other, and the throw is always in the 
same direction, the strata descend like steps, and the faults are 
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known as iUp-Ja^*Us. When faults cross each other they produce 
the phenomena termed trough-J&uUs or cTOSS-/<t«fts.' * 

Shift. The breadth or shift of a ^ult is the perpendicular distance 
between the planes perpendicular to the beds at their ^actuied 
ends (5 (f in hg, iS). 

FaulVline. The line in which a fault extends is always sinuous, 
and, owing to displacement, faults always include many pockets 
in which minerals may accumulate. The line of dislocation is 
generally distinguished by a hssure which is Med by fragments 
of the neighbouring rocks or by basalt, and then is called a dyk«. 
or by various sparry and metallic minerals, and is then called a 
tnin^ai vein. The faulted surfaces have been compressed 

gainst each other are hardened, striated, and often polished, when 
they are termed sUckensides. 

SECTION m. UETAMORPEIO ROCES 

The older water-formed rocks have often undergone changes 
which have obliterated some of their ongwal features which were 
due to depo^tion, and have imparted characters which at times 
make it difficult to discover that they were ever deported in water. 
Thus clays have been changed into slates, sandstones into quartzite, 
and limestones into marble. Crystalline rocks, too, have been 
altered into schists and gneisses. Rocks so changed are known as 
metamorphk rocks. 

Metamoiphism consists in the alteration or destruction of the 
original structures, and the development of new minerals which are 
always crystalline in structure, while the chemical composition of 
the rocks suffers little change 

FoUaiion. In many metamorphic rocks the newly developed 
minerals have arranged or aggregated themselves in more or less 
parallel layers or foUa that give rise to the structure called 
Foliated rocks generally split readily into thin plates or flags 
parallel with the foliation planes. Such rocks are called schists. 

Thus metamorphic rocks may be massive or schistose, and may 
show all degrees of metamorphism from highly contorted granitoid 
gneis^c schists to altered sediments in which the nature of the 
ori^al sediments can be identifled. 

Kinds of Uetamorpbism. Two distinct kinds are recognised: 

Contact metamorphism is developed around masses of igneous 
rock, especially when these have been intruded among sedimentary 
t PbflUps: Monusl of Geology, Tart I. H, G. Soele7. p. 77. 
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rockd iji the form of lai^ bosses of granite, etc. It occurs also in 
the case of dykes, but often with much less effect on the surrounding 
rocks, which may be only slightly baked or recrystallised for a 
few inches. The effect, however, is greater where there has been 
a prolonged flow of heated matter. 

A great granite boss ten to twenty miles broad may be surrounded 
by an aureole of contact alteration as much as a couple of miles in 
width. 

Re^ionai meianujrpkism is so called because it affects large tracts 
of country. Where it occurs there is often much evidence of aust 
movement accompanied by folding and crushing. As compared 
with the characteristic diminishing intensity of contact meta- 
morphism, the intensity of regional metamorphiszn is often nearly 
urdfoim over a large area. 

Results of Metamorphic Action. These depend largely on the 
nature of the rocks involved. Clays may be altered into slates by 
pressure alone, while slates may be again altered by heat and 
pressure. Sandstones are less readily altered than shales or slates 
and limestones, especially if marly or argillaceous, are more easily 
altered than pure shales. Schi^ and gneisses, being already 
crystalline, are very resistant to heat. Igneous rocks, consisting 
as they do of minerab formed at high temperatures, may not be 
affected at all, but if decomposed, may be entirely recrystallised. 

Priftcipai changes effecUA, Limestone becomes crystalline or is 
converted into mtsrble; impure limestone may lose its carbonate 
of lime and become r(MensU>n€. Sandstone becomes quartziU or 
quartz schist. Clays become slates; lumps of clay embedded in 
the magma become porceUanite ; slates, shales, and marly clays 
are sometimes converted into lydi^n stone or homstons. Granite 
becomes gneiss. Open rock fissures become filled up by crystallised 
deposits of quartz, cab>spar, and other minerals, forming mineral 
veins^ 

Cleavage. In the c&se of rock-masses composed of hcmogeneons 
and comparatively soft material, crust-pressure frequently pro¬ 
duces the structiue called cleavage- ' This consists in a peculiar 
fissility of the rocks which are affected by it, parallel to a certain 
plane, which almost always cuts at a considerable ar^le the plane 
or curved surfaces of the stratification. In fig, 22, which repre¬ 
sents a mass of rocks in which this definite quality of splitting is 
developed, B B is the surface (curved in this instance) of one bed 
of the stratification; J is on the plane, here supposed vertical of a 



80 


GEOLOGY FOR ENGINEERS 

jout; C 18 one of the planes of cleavage, cutting the surface of 
stratification B B in r Parallel to this plane C, the mass of rock 
here represented is cleavable by art, and is often actually cleft by 
Nature into very thin and numerous plates which, when of suitable 
quality and reduced to proper size, constitute the roofing-slates of 
our European houses, the edges of these plates may be traced 
with care on the vertical surface of the joint J and the sloping 
sui&ce of the bed B, and are represented in the figure by fine lines. 

* It will be observed that these lines do not cross the bed marked 
g. This is supposed to be a hard grit or conglomerate, and such 
rocks are sometimes only in a slight degree afiected by the cleavage 

which, however, is perfect above and below 
them in fine-grained and more argillaceous 
strata. Certain smal] joints, however, and 
numerous cleavag:e planes often cross sand¬ 
stone beds, and then the cleavage and joint 
planes in those beds are not parallel to the 
general cleavage, but meet the surfaces of 
stratification as in fig, 22, at more 

neatly approaching to a right angle. At I 
the cleavage crosses nodular limestone or 
ironstone, and in these irregular layers be- 
FiG. ti. Qeav«ge not ^nies irregular, curved, and confused. 

PMsittg t^eogh a bed ‘ On the surfaces of sUatification the 
of eandstou (rt. , ^ , . . 

^ cleavage structure is frequently traced m 

narrow, interrupted hollows and ridges; these surfaces have in fact 

been folded, or plaited, or puckered by the force which occasioned 

the cleavage; and the little folds thus occasioned are traceable 

across shells, triiobites, etc., which are thus more or less distorted 

in the figure. 

* SiraHJicaiion and Cleavage. One general relation appears 
between the stratification and the cleavage-^ relation arising from 
the displacement of the strata 
by axes of elevation and de¬ 
pression. Parallel to these 

axes is the " strike" or hori- .r. « . 

. , . Fig. 23. FtrmUel cleavage w contorted 

sontal line on the surface of etntaofKor^ S^on, 

the strata; if this be taken 

on a great scale and the strike of the cleavage (similarly defined) 
be compared with it. the direction of each is found to be the 
same, or nearly so; in other words, the cleavage edges on the sor- 
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face of the strata are Lorisontal lines (s 5 ia fig, 22). The direction, 
then, of the cleav^e in a given district is dependent in a general 
sense on that of the axes of earth-flexure in that district; but the 
incUnoHon of the cleavage bas no necessary known relation to that 
of the strata (fig. 23): beyond this, that the dip of the strata being 
moderate, that of the cleavage is usually greater. In a country 
where the strata are much undulated, the cleavage may be, and 
mostly is, in parallel planes.' ^ 

Joints. ' In slate districts, the joints, more numerous and more 
regular than in any other known rock, have almost universally a 
tendency to intersect one another at acute and obtuse angles, and 
thus to dissect whole mountains into a multitude of gng iilgr solids, 
with rhomboidal or triangular faces, which strongly impress upon 
the beholder the notion of an imperfect crystallisation, produced in 
these argillaceous rocks since their depo^tion and consolidation by 
some agency, such as heat or pressure, capable of partially or 
wholly obliterating the original marks of stratificationbut we 
may with more probability here appeal to tension in successively 

difierent directions as the true cause of these phenomena.' * 

Relation between Igneous, Aqueous, and Uetamorphic Rocks. 
' The central cores of many volcanoes are found to be of granite ; 
and when this rock cools more rapidly, as at the earth's sur^e 
under the pressure of the atmosphere, the minerals no longer form 
separately, but constitute rock consisting more or less obviously 
of a felspathic matrix in which crystals may occur. When poured 
out in a lava stream these rocks are called /€i 5 hn 4 $, and when 
they assume a looser texture became scorue or ashes, if now we 
suppose the rocks over a central granite mass to become fractured 
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Pio. 24. section. 

through their thickness so as to allow water to penetrate down to 
the heated mass and form a funnel or vent out of which the heated 
materials may escape, it is obvious that the central crystalline 
rocks will throw out lavas and ashes which may build up a voJcano- 
Thus it follows that clay, slate, gneiss, granite, felstone, rhyolite, 

X Phillips: ManusI of Get)i 9 gy. Part 1 . H' O. Seeley, pp. 84-6. 

I Phillips: ibid.I p. di. 
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may all exist simultaneously as diHerent conditions of the same 
rock, which have been produced in sequence to each other by the 
pressure which also brings mountains into existence, and changes 
the outlines of land and water. The ideal section (%. 34) will 
iUnstiate the relations of the several kinds of rocks to each othefi 
and show the order in which the several classes of rocks may succeed 
each other on the flanks of a mountain range.' ^ 

* ^uUips: MsntuU cf Ge^hiy. Part Z, H. G. Seeley, pp. 34>5. 



CHAPTER Iir 
MINERALS 


The terms Piirology. PtU'ography, and Lithohgy aie frequently 
used indiscriminately to denote the study of rocks, but' Lithology' 
is now an obsolescent term, and ' Petrology ’ more correctly denotes 
the study of rocks, treating of their origin, constitution, etc., while 
‘ Petrography ’ denotes the description and dassifrcation of rocks. 

The engineer can best study the nature and effects of geological 
forces after he has acquired some knowledge of the constituents of 
the earth’s crust. 

SECTIOK I- THE STUDY OP MINERALS 

The ffrst mineral product met with in the examination of the 
solid portion of the earth is usually a loose soil, beneath which is a 
Aimer material to which the term rock is applied. 

On inspection the soil is found to be a mixture of fragments of 
substances of different kinds, and in most rocks the unaided eye is 
able to detect different kinds of matter. In granite, for instance, 
mere inspection shows us that there are at least three differeut 
kinds of matter, which are distinct from each other not only in 
outward appearance, but in ah their manifold properties. It will 
be found, moreover, that by no amount of mechanical division can 
any of these three substances be reduced to others having different 
characters. They are therefore called vtinerak. 

The characteristics of minerals are i 

I. Chemical composition. 

X Form, 

3. Physical characters. 

Crsuical CouposmoN 

It is desirable that the student of geology should have at least 
an elementary knowledge of chemistry, for which reference must 
be made to the text-books. 

Elements, Their distribution in Nature is most iircgular. Some 
are found in very large quantities and widely (frstributed, whilst 
others only occur in minute quantities in rare minerals. 

. 33 


3 
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Tli« following are the main ekmeniary ctmsHtuimis of the earth, 
forming about 97 per cent, of the earth's crust. The atomic we^hts 
are given, but do not give any idea of their relative importance as 
constituents of the earth: 


Eifmant 

Synthol 

Atomic 

WiigSt 

Alummium 

Al 

27-1 

Calcium 

Ca 

40.07 

Carbon 

C 

1200 

Hydrogen 

H 

1008 

Iron 

Fe 

53*84 

Magnesium 

Mg 

24*32 

Oxygen 

0 

i 6 *oo 

Potassium 

K 

39*10 

Silicon 

Si 

283 

Sodinm 

Na 

23 oc 

Sulphur 

S 

32-07 


while the following are the most important of those present in 
small quantities: 


EUnurU 


Atomic 

Weight 

Barium 

Ba 

137*37 

Chlorine 

a 

35*46 

Fluorine 

F 

29.00 

Lithium 

Li 

694 

Manganese 

Mn 

54*93 

Phosphorus 

P 

31-04 

Titanium 

Ti 

48.1 


Sulphur and carbon are the only elements which commonly occur 
uncombined The most important compounds are silica and 
alumina. 

Aluminium (Al) occurs as an oxide called alumina or aluminium 
oxide (Al^Os). It is often found in union with silica, and forms the 
basis of many rocks and soils. 

Oalcdum (Ca) forms a large proportion of rocks, occurring as 
pfltr.inm oxide OT lime (CaO); as carbonate (CaCO^) in limestone 
and chalk; as sulphate (CaSOj in anhydrite ; as hydrosulphate 
in gypsum, selenite, and alabaster; and as fluoride in fluor-spar 
(CaFj. It is an alkaline earth. 

Carbon (C) in pure form occurs as dian\ond and graphite ; in less 
pure form as coal ; and combined with oxygen forms carbonaies. 
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Hydrogen (H) chiefly concerns us as a constituent of waUr (H^O) 
and many minerals. 

Iron (Fe) is found chiefly in the fonn of oxides, carbonates, and 
sulphides. It is the prbcipal colouring agent in rocks (see Chapter V, 

Section rV), 

There are three oxides of iron : 

Ferrous oxide (FeO) . (Monoxide or protoxide). 

Ferric oxide {Fe,Oj) (Sesquioxide or peroxide). 

Triferric tetroxide fFejO^) , (Magnetic oxide or ferroso- 

ferric oxide). 

And iron may also exist in combinatioo as FeO|, forming ferraUi, 

Ferrous oxide is an unstable compound, and whenever it is pro¬ 
duced 'is converted by the action of air into a higher oxide, a 
carbonate, or some other compound. 

Ferric oxide and triferric tetroxide occur as minerals. 

Magnesium (Mg) occurs widely diffused as carbonate in dolomite 
and magnesite; as sulphate in Epsom-salt; and as silicate in 
asbestos, talc, and steatite. Magr^um oxide or is used 

for firebricks, crucibles, etc. It is an alkaline earth. 

Oxygen ( 0 ) is one of the chief coostituents of the atmosphere, and 
constitutes nearly one-half by weight of the solid crust of the earth. 
It unites with nearly all elements. 

Potassium (K) and Sodium (Na) are very widely distributed. 
Sodium is the more abendant, occumr^ as sodium chloride or 
common salt (NaCl); as sodium carbonate or common soda 
(Na^CO^ ; as nitrate of soda; and as a silicate in felspar, etc. 

Potassium is also found combined with chlorine, also with silica 
and alumina in felspar and mica. 

Silicon (Si) is found in the form of oxide as silica (SiOg), also 
called silicic add and silicon dioxide, which constitutes a consider¬ 
able portion of the earth’s crust. Occurs in abundance as quarts, 
and ^0 forms many silicates in combination with metallic bases. 

Sulphur (S) occurs abundantly both free and in combination 
with oxygen and with other metals, forming sulphides, tf.g. copper 
pyrites, galena, blende, etc., and sulphates, e.g. gypsum, anhydrite, 
and barytes. 

Barium (Ba) is an alkaline earth; Chlorine (Cl) and Fluorine (F) 
are halogens, combining with metals to form salts: Manganese 
(Mn) is often found with iron among aqueous rocks; Phosphorus (P) 
occurs combined with oxygen, chiefly in calcic phosphate; the 
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commonest form of Tit&oium (Ti) is mtile or titanium dioxide 
(TiOj), fbujid associated with iron. 

The chemical composition of a mineral can only be ascertained 
by exact analysis, which is beyond the scope of this book. 

MiNERAz. Forms 

Uode of Occurrenca. Minerals occur in two conditions: 

(1) Amorphous. They are without any crystalline atmeture, they 
do not possess the prop^y of cleavage (see Section III), and their 
physical properties are the same in every direction. 

(2) CrystaUim. They have a definite geometrical form, they 
possess the property of cleavage, and certain of their physical 
properties are directional, that is, they are not equally hard nor 
equally cleavable in all directions. 

Many minerals which appear to be amorphous are really micro- 
crystalline. The term massive is sometimes used as a synonym for 
* amorphous,’ but is also used for a crystalline mineral not showing 
crystal faces. Mas^ve aggregates of crystalline material often occur, 
when their crystalline properties can only be detected with the 
aid of a microscope. 

Amorphous minerals occur in the following states 

(a) CoUoidal, viz. resembling jelly or glue. The substance has 
no power to crystallise, and, if soluble in water, is held in solu- 
tioQ very feebly and is easily precipitated. It is, however, often 
insoluble in water. 

(b) Glcssy or More common in rocks than in minerals. 

The glass may consist of several minerals fused into one homo¬ 
geneous substance. The same substance is capable of assuming 
both the crystalline and glassy state. Glassy bodies occasionally 
become stony by the formation of minute crystals within them ; 
the glass is then said to be dwitrified. 

Physical Cbaractebs 

Under this head we may group physical chartuUrs such as 
cleavage, structure, fracture, tenacity, hardness, touch, and specific 
gravity, as well as optical properties such as translucency, colour, 
streak, lustre, refraction, polarisation, pieochroism, fluorescence, 
etc., and also thermal and eUdrical properties. For most of the 
above the student is referred to text-books of mineralogy, but the 
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foUowiDg Dotes may be of interest in connection with the subjoined 
list of minerals (sec Section II), 

Colour. !n many cases, owing to the frequent admixture of 
foreign substanoes oausing the ndaeral to assume varying 

tints, colour cannot be regarded as a reliable criterion; but in 
the case of some minerals the characteristic colour is a valuable 
aid to identi£cation, s.g. the green colour of chlorite, malachite, 
and glauconite; the copper-red of metallic copper; broiue-red 
and bronze-yehow of magnetic pyrites; brass-yellow of copper 
pyrites; lead-grey of galena; iioo-black of magnetite and* 
graphite. 

Streak. The colour of the powder of a mineral, produced by 
drawing it over a file or a piece of unglased porcelain, is a better 
guide than colour, as it is usually constant for the same mineral. 
The streak of metallic minerals is generally as dark, or darker, than 
the colour of the mineral; of non-metallic minerals, as light, or 
l^hter, than the colour. 

Lustre. This is the quality of the svu^e of a rmneral. as 
regards the kind and inlensity of the light it redects. The chief 
kinds are: 

MeUdUc, the brilliancy of polished metals, characteristic of native 
metals, and heavy met^c sulphides. 

Adamanitna, the brilliancy cf the diamond. 

Viirsous or gias^, characteristic of quarts, etc. 

Rasi’ftous or vaay. 

Faify or gfettty, the brilliancy of a freshly oiled reflecting surface, 
characteristic of slightly transparent minerals such as serpentine, 
nepheline, and sulphur. 

Nacreous, like mother-of-pearl, characteristic of gypsum. 

SUhy, characteristic of fibrous aggregates, such as satin-spar. 

Intensity of lustre is denoted by the terms spUndont, shining, 
glistening, or glimmering, but these terms are used very loosely. 

Fracture. The following terms are used to describe the surfaces 
of minerals broken in directions which are not deav^e-planes. 
As regards form of surface, minerals may be conchoidd (sheU-like), 
having curved markings those seen on the inside of many 
bivalve shells, as in flint and opal; even, a surface free from marked 
depressions or elevations; uneven, a surfrice having irregular 
depressions or elevations. As regards nature of surface, they may 
be smooth, as in lithomarge ; splintery, as in serpentine and fibrous 
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bienutite; luicidy, or covered with sharp, wire-Uke poinU, 34 is 
native copper; earthy, when the mineral breaks like a piece of 
dried clay. 

Tenacity includes (i) FraogibUity or resistance to crushing. 
Uinerals may be tougA, or only broken with difficulty, as horiL< 
blende; brittle, or very easily broken with a blow, as tourmaline. 
Others are fnable and pulverulent, or easily crushed between the 
fingers to a powder, (a) Secdlity, or the property of being smoothly 
cut with a knife, as in the case of mica. (3) Ductility, or the 
property of being drawn out, as into wire or threads. 

Malleability is the property of being hammered without breakup 
or cracking, e.g. gold, silver, copper, etc. 

Rigidity. A substance is said to be JUxibU when a thin 
plate can be bent, and remains so without breaking, as talc; 
and elaeUc when, after being bent, it springs back to its original 
form. 

Touch or Feel. S^py, or unctuous, as talc and other magnesian 
minerals. Meagre, or moistureless : dry and rough to the touch, 
as chalk and magnesite. Harsh, or unpleasantly rough, as 
actmolite. Some minerals adhere to the tongue- 

The hardness of minerals may be compared by trying to 
scratch them with a knife or file. Mohs' scale of hardness is 
as follows:— 


1. Talc 

2. Selenite 

3. Calcite 

4. FluOT'spar 

5. Apatite 


6- Orthoclase 

7. Quartz 

8. Topaz 

p. Sapphire 
lO. Diamond 


If a mineral will scratch talc with the same ease with which 
selenite scratches it, its hardness will be i *5; if it only jnst scratches 
talc, its hardness will be i*i or i>2; and if selenite only just scratches 
it, its hardness will be i *8 or 19. 
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SECTION n. HOCE-FORMINO MINERALS 

These aie described in alphabetical order of sisgle minerals and 
important groopa 

Ahi/rsviatim^. Co/. ■ colour ; 5 ^r. =streak; if.«hardness; Ff. 
-fracture; Tew. * tenacity; £i4S.-lustre; F«/.*feeliDg to the 
touch. 

Actinolite. See AmphiboU Group. 

Adularia. See Ftlspars. 

Alabaster. See Gypsum. 

Albite. See Feists. 

Amphibole Group. An important group, often known as the 
Hornblende Group. Amphiboles are similar to pyroxenes, but 
l%hter. 

Hoablende (Amphibole). Col., gnen. brown, or black. Sir., 
grey, Lus.. vitreous, pearly, or silky. Fr., subconchoidal, 
uneven. Ten., rathw brittle. H.. 5-6. A common con¬ 
stituent of many igneous rocks such as granites, syenite, 
diorite, gabbro, andesite, peridotite; more rarely in dark 
traps and basalts; also occurs in metamorphic rocks, e.g. 
gneiss, hornblende-schist, and amphibolite. 

Actinolite resembles hornblende, tol., bright green to grey. 
Occurs in crystalline schists and greenstones. 

Tremolite. Col., usually white or grey. Occurs in crystalline 
limestones and dolomites, and in igneous rocks. 

Anatase. CoU, indigo blue, yellow brown, rarely colourless. 
Sir., white. ittS., adamantine to metallic. H., 5*5 to 6. 

Andalusite. Co/., white, grey, reddish brown, olive green, or 
violet. Sir., white or colourless. Lus., vitreous. Fr., uneven, 
splintery. Ton., brittle. H., 7 $. Occurs in altered clay-slates, 
crystalline mica-schists, also in gneiss and granite. 

Andssiae. See Felspars. 

Anhydrite (Anhydrous Calcium Sulphate). Col., usually white, 
sometimes greyish, reddish, or bluish, Sir., white. Lus., vitreous 
or pearly. Ft., uneven or splintery. H., 3-3*5. DisUnguisfud 
by hardness greater than gypsum, does oot split into lamins like 
gypsum. Occurs essentially assoriated with rock-salt and generally 
with gypsum. When exposed to the air for a long period it becomes 
partially hydrated or changes into gypsum. Also found in lime¬ 
stone rocks and in cavities with basalt. 

Anorthite. See Felspars, 
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Apatite (Phosph&te of Lime). Cd., vanable, bluish green and 
greenish yeliow, or colourless, also pink, violet, blue, or grey. 
Lui., vitreous or resinoos. Fr.. conchoidal. H., 4 5-5. Occurs in 
veins or irregular crystals in crystalline limestones. A frequent 
accessory mineral in igneous rocks. 

Aragonite. Cd.. colourless, white, pale yellow, or tinted. Lus., 
vitreous. Fr., conchoidal, uneven. H-, 3 ‘ 5 - 4 - DhHn^uishtd by 
being harder than caldte as a rule. Occurs in hollows and druses 
in marls, limestones, basalts, and in veins in iron ore, etc. 

Asphalt (Bitumen). Cd. and Xus., black, and lustrous like pitch. 
Fr^, conchoidal, sometimes vesicular. H..2. A number of natural 
inflammable pitchy or oily substances are included under the 
general term asphalt or bitumen. 

Augite. See Fyroxwc Croi^p. 

Barytes (Heavy-spar). A common vein mineral. 

Biotite. See Micas and Talcs. 

Bitter-spar. See Dolomiis. 

Bitumen. See A sphali. 

Bog or Brown Iron Ore. See Iron: Umonite. 

Bog Uanganese Ore. See Mangamss. 

Bronsite. See Pyroxsws : Enstatite. 

Brown-spar. See Calctts Croup : Dolomite. 

C&lcite Group. Carbonates of calcium, magnesium, and ferrous 
iron. 

CalcUe. Cd., colourless or white, or tinted grey, red, green, 
blue, yellow, etc. Also when impure, brown or black. Lus., 
vitreous to earthy. H., 3. One of the most common and 
widely distributed miner^. 

Dolomite (Bitter-spar). Cd., usually pink, may be colourless, 
white, grey, green, brown, or black. Xus., vitreous. H., 
3*5-4. FeasUspar or hrows-spar is a dolomite containing 
some iron, which is usually light grey or white, turning 
brown on e:tp 05 ure to aic, pearly lustre. Abundant in 
mineral veins, also in rock-masses of magnesian limestone. 

Uagnesite. Cd ., white, yellow, grey, or brown. H., 3'3^‘5. 
Associated with serpentine rocks, dolomite, etc. 

Cawk. A white massive variety 0/ barytes, used for adulterating 
white lead. 

Celestite (Strontium Sulphate). Cd, colourless, white or pale 
blue, sometimes reddish, Xus., vitreous or pearly- H., 3-3*5. 
Found principally in marls and limestones. 
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Chalcedony. See Silica Serus. 

ChalcopyriU. See Copp«r Pyrites. 

China Clay. See KacUn. 

Chlorite. See Micds and Taks. 

Copper Pyrites (Yellow Copper Ore, Chalcopyrite). CoL, brass 
to gold-yeliow. Sb*,, greenish black, shining. £i*s., submetaDic. 
Fr., conchoidal to uneven. H.. 3 5. The standard ore of most 
copper-ininii^ districts, occarionaJly met with in rocks such as 
diabase, granite, gneiss, argillaceous schists, etc. 

Diallage. See Pyroxens Group. 

Diopside. See Augite. 

Dolomite. See CaldU Group. 

Enstatite. See Pyroxene Group. 

Epidote. Cel, i^owish to oil-green, brownish grey or black. 
L«s., vitreous. H., 6-7. Ten., brittle. Occurs in many granites, 
and in crystalline schists and dolerites and other lavas. 

Felspars are the most abundant minerals in igneous rocks. 
They can be just scratched with a knife, being softer than quartz, 
harder than apatite, and much harder than carbonate of lime. 
The colour is often milky white, sometimes bright red owing to 
oxides of iron, and occasionally grey or black or even green. Sir., 
usually white. i«s., vitreous to pearly. H.. 6-6 5. They are 
classed as potash, soda, or lime felspars, and into Orthodase and 
Plagiodase Groups-^rthoclase being the typical potash felspar 
and the remainder plagiodase. They are also divided into 
Monodinic and Tridinic, accordij^ to crystal fbrmatioD. 

Adularia. A white or colourless varieW of orthodase. 

Albite. The typical soda fdspar. Occurrence similar to 
orthodase. 

Andesiae. Similar to orthodase. 

Anorthite. The typical lime felspar. Occurs in dark-coloured 
basic %neous rocks, ag. lavas, diorite, etc- 

Labradorite. Similar to andcsme. Usually assodated with 
pyroxenes and amphibole. 

MicroeUne. Similar to orthodase, but triclinic. 

Oligodase. Commoxiest form of soda felspar. Occurs as a 
constituent of igneous rocks, either as the sole felspar or 
associated with orthodase and albite, as in granite, or with 
labradorite in basalt and dolerite. 

Orthodase (Potash Felspar). Oneoftbe commonest minerals. 
Occurs in igneous, aqueous, and metamorphic rocks. 
Sanidine, a glassy variety, often much cracked. 
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Fluor-spar (Fluor, Fluorite). Col., very variable, rarely colour¬ 
less and transparent, generally pale green, bluish green, yellow, or 
purple, or even deep blue, pink, or rose. Str., white. Ltts., vitreous, 
Pr.. subconcboidal or artery. H-, 4. Disiinguisked cal- 
cite by superior hardness. Common as a vein or gangue xnmeial, 
and in limestone, dolomite, and altered rocks. 

Olauoooite (Greensand). A silicate of alumina, lion, etc. 
Usually impure, amorphous or earthy, yellowish to dark green, 
opaque, granular. 

Gypsum. Col., colourless or white, or tinted grey, yellow, 
reddish, or brown. Lus.. vitreous, nacreous, or sQky. H., 1*5-2. 
T€H., flexible in thin lamins. The crystalline variety, found in 
crystals or foliated masses, is often called sei4nite. Fibrous varieties, 
when the fibres have a silky lustre, are called seUin-spar. Rock 
gypswn is massive, granular, or earthy, and often impure. The 
softness of all varieties of gypsum is characteristic. Common, and 
often interstratifled with limestones or shales or underlying rock-salt. 

Bsmatite. See Iron. 

Halite. Common salt (NaCl). Colourless or white; when impure, 
yellow, red, blue, or purple shades. Transparent to translucent. 
H.. 2*5. Readily soluble in water. In crystals or granular crystal¬ 
line, in masses known as roch^aU, also massive. 

Hornblende. See A mftkiboU Croup. 

Hypersthene. See PyroxoM Group. 

Ilnenite. St^Iron. 

Iron. 'Found chiefly in form of oxides, carbonates, and sulphides. 
Hematite. An oxide. Col., bluish iron-black in crystals, 
various shades of brown and bronee-red in flbrous, earthy 
varieties. Str., light to dark indian red. Lus., metallic to 
dull. Pt., conchoidal to uneven. Ten., brittle. H., 5*5- 
d'g. Common bsmatite and red bsmatite are massive and 
generally fibrous. Specular iron ore is hard, brilliant, and 
usually crystallised. Rei£U, RuAiXe, or Rei Ochre is a 
light red earthy bsmatite generally mixed with clay, 
nmeoite (Titanic Iron Ore). An oxide. Col., ^ck to 
brown, or dark «ey. Sir., black to brownish red. Lu$., 
semi-metallic, rr., conchoidal, uneven. H., 5*5-6. A 
common constituent of crystalline and igneous ro^s. 
Limonite (Brown Bsmatite, Brown Iron Ore, Bog Iron Ore). 
Col., brown in all shades. Sir., yellowish brown, Lus., 
silky, resinous, or dull. H., 5-5‘5. Ockre, untber, and 
Stenna earth are mixtures Of limonite and clay. 

Magnetite (Magnetic Iron Ore). An oxide. Col., black, Str., 
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black. L«s., metallic. i^y.,conchoidal or granular. Ten.. 
rather brittle. H., 6. Strongly magnetic. Occurs in im- 
mense beds and masses enclosM in gneisses and schists, 
aJso as accesso^ mineral in all kinds of rocks. 

Siderita (Spathic Iron Ore, Cbalybite). A carbonate; a 
common vein mineral 

Iron Pyrites (Sulphides). A general term for the foUowii^, as 
well as others which do not concern us. 

^rite. CoL, brass-yellow to brown. Sir., greenish or 
brownish black. Lus., metallic, pendent. Fr., con- 
choidaL Ten., brittle. H., 6-6 5. fhe most abundant of 
metallic sulphides. An accessory rDineral in igneous and 
sedimentary rocks. 

Uaroasite. Ccfl.. pale yellow. Sir., greyish black. Readily 
decomposed on exposure to atmosphere. Occurs often as 
concretions in chalk. 

Kaolin (China Clay]. Coi, white or tinted, ilus., usually dull. 
Fed., unctuous, ff., 2-2*5. sll clays. 

Labradorite. See Felspars. 

Limonite. See/fon. 

Magnesite. See Calcits Group. 

Magnetite. See Iron. 

Manganese. CoL. usually black, but also brown, reddish, or 
green. The most common coburing ingredient of rocks, sands, and 
gravels. Varieties are I^olusiU, soft manganese ore; Manganite, 
grey oxide; Fsdomdane, hard manganese ore; and Wad. bog 
manganese ore. 

Micas and Talcs. These include many species possessing the 
characteristic of dividing into thin igmififl* which are sometimes 
more or less transparent. Both are toi^ and flexible, but mica 
is elastic, while talc is non-elastic. Mica is harder than talc, and 
gives a dean sensation when touched, while tab gives a peasy 
one. Tab and the white micas have a pearly lustre, whib the 
dark micas have a submetallic lustre. 

Biotite (Ferromagnesian or Black Mica). Col., dark tints from 
brown through bottb^een to black. Z<*s., spbndent. H.. 
2 5-3. Occurs in panites, gneiss, and schiks, assodated 
with muscovite. Common in dyke-rocks. 

Muscovite (Potash or White Mica). Col., colourless, grey, 
light green, or brown- H., 2-^*5. The white mica of 

E mite, syenite, gneiss, etc. Crystals may be exceedingly 
e, or rneasure several feet across. 

Fblogopite (Magnesian Mica). Col,, yeUowish or reddish 
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brown, i^een or white. Z«s., vitreous to pearly. H., 2 *5-3. 
Occur? ais a product of metamorphism in crystalline 
ma gnesian limestoriU and dolomitic marbles. 

Talc (Steatite, Soapstone). Col., generally p^e green, some¬ 
times grey or silvery white. Compact varieties dark grey 
or green. Ten., sectile and flexible. H., talc z, steatite 
up to 2*5. Talc occurs crystallised and in schistose masses; 
steatite or soapstone in veins, nodular masses, or bedded 
deposits. 

Chlorite. The name of a group—Pewww, CUnochl^e, 
Ripidoleie, etc. CoL, yellow-greCT to biue-green. Lus., 
vitreous to pearly. Ten., lamins flexible but not elastic. 
B., a-2'5. Occurs in ^lorite slate, protogene gneiss, 
diabase, etc. 

Uicrocline. See Felspars. 

Huscovite. See Micas and Tides. 

Nepheline. When mas^ve, called ElaoliU. CoL, colourless, 
white, or yellowish (Nepbeline); grey, green, or reddish ( El a o lite). 
Lus.. (Nepbeline) glassy, (Elseolite) greasy. S.. 5*5-6. Occurs in 
igneous rocks and lavas. 

Ochre. See Trow. 

Ol^^cclsse. See Felspars. 

OUvine, Col., olive to greyish green, brown. Sir., white. Fr.. 
conchoidal. H., 6*5-7. Common in basalt, dolerite, and similar 
lavas. 

Opal. See Silica Series. 

Oithoclase. See Felspars. 

Pe&rl-spar. See Calcite Cronp. 

Pennine. See Micas and Talcs : Chlorite. 

Phlogopite. See Micas and Talcs. 

Psilomelane. See Manganese. 

Pyrite. See Iron Pyrites. 

Pyrolnaite. See Manganese. 

Pyroiene Group. Next to Felspars, Pyroxenes are the commonest 
constituents of igneous rocks; also occur in crystalline lime-stones, 
etc. 

AugiW. CoL, aluminous varieties are brown or black; non- 
aluminous, white, grey, or green. Sir., white or grey. 
Lus., vitreous to pearly, H., 5-6. Aluminous varieties 
occur in most metamorphic ro^s, non-aluminous in basic 
igneous rocks, e.g. andesite, dia^e, basalt, dolerite, etc. 
eSopside, a greyish or greenish white to pearl-giey and leek- 
green varieiy erf auglte. 
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IKallage. An altered fonn of Au§iU or Diopside. Col., 
greyish green, dark gr«n, or brcwn L«s., pearly to 
metallic. H., 4. Essential to gabbros; also in peridotite 
and serpentine, and occasionally in basalt and crystalline 
schists. 

£nstatite. Col., white, greenish, or brown. shghtly 

pearly. Occurs in irregular masses in plutonic rocs, in 

3 mtine and also in volcanic rocks. SrongiU is a variety 
metallic sheen, occurring in sunilar rocks and in 
crystalline schists. 

Hypersthene. Coi, brownish white. B., 6. 

Quartz. See Silica Ssrus. 

Eed Ochre. See Iron: Hsmatite. 

Ripidolite. See Micas and Talcs : Chlorite. 

Socfc-salt. See Haiiie. 

Ruddle. See Iron: Haematite. 

Rutile. CoL, red. reddish brown to black, tus., adamantine 
to submetallic. if., 6-6*5. Occurs in granite, gneiss, roica^schist, 
metamorphic limestone, dolomite, and quartz. 

Satdn-spar. See Gypsum. 

Schorl. See TowvusUm. 

Bsleoita. See Gypsum. 

Serpentine. Col., olive to blackish green, yellow, or white, often 
variegated. Las., greasy in massive varieties, »lky in fibrous. 

ij.^.g—usually 4. Found in both igneous and metamorphic 
rocks. 

Siderite. See/ton. 

^snna Earth. Stciron: Limonite. 

Silica Series. Silica in its various forms is the most abundant 
of all minerals. 

Quartz, Col., colourless, pale grey, pale or golden yellow, 
brown or red. Lus., vitreous. Fr., conchoidal, parallel, 
splintery in crystals of laffipllar structure, if., 7, An 
important constituent of the add igneous rocks, $~i. granite, 
rbyoUte, etc., and of metamorphic rocks, eg. gneiss and 
mica^chist. It is an accessory component of many other 
rocks, and the m ass of all quartzites and sandstones. 
Chalcedony is a mixture of quartz and amorphous hydrated 
silica, with a waxy lustre. Common opal has a vitreous to 
resinous lustre, and if. 5 *5-6*5- Both are found in cavities 
in igneous and sedimentary rocks. 

BomstoM or Chert, Lydian^stonc, QuarisiU, and Flint are 
chiefly composed of sinca (see Chapter V). 
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Spathic Iroo Ore and Speanlar Iron Ore, See Iron. 

Sphalerite, See Zinc-bUndc. 

Sphene, Col., green, yellow, or brown—rarely red, Lus., 
adamantiiie, vitreous. H., 5-5 5. Occurs in granite, crystalline 
schists, limestone, etc. 

Steatite. See Micas and Talcs. 

Sulphur. Col., sulphur-yellow, varying with impurities to 
yellowish green, grey, and red, Lus., resinous. H., i* 5 - 2 ' 5 . 
Found associated with gypsum, as an alteration product of a 
sulphate, or in connection with volcanic action. 

Talc. See Micas and Talcs. 

Titanic Iron Ore. See Iron'. Ilmenite. 

Tourmaline (Schorl). CoL, sometimes colourless, usually black. 
Uay be green, brown, blue, or even red. Fr.. conchoidal, uneven. 

7 ~ 7 ' 5 ' Occurs In granite, gneiss, and crystalline schists. 

TrWolite. See AmphihoU Group. 

Timber. See Iron: Limonite. 

Zeolites. Cd., milky white, some reddish. H., 3*5^. Occur 
dlliog cracks and hoUows amoj^f lavas or other minerals. 

Zinc-bleuds (Sphalerite). CoL, usually yellow, brown, or black; 
compact varieties lighter. Sir., white. Lm., adamantine or 
resinous. Ten., brittle. H., 3 ' 5 -^. A very common mineral, 
chiefly in veins in limestone rocks. 

Zircon. Col., brown or colourless, grey, green, or red. Sir., 
uncolouied. Lms., adamantine. £.,7*5. An accessory mineral of 
all kinds of igneous rocks, especially granite, syenite, diorite, etc. 



CHAPTER IV 
THE STUDY OF ROCKS 


Th 5 term Rock is applied to any bed, layer, or mass of the earth's 
crust, whether consolidated or not, not excluding: beds of day and 
sand. A rock may consist of one mineral species, as limestone, or 
of several intertnisgled, as granite. The toineraJs may be either 
loose, incoherent grains, e.g. blown sand, or coherent crystals or 
grains, angular or rounded, cemented by crystalline or amorphous 
matter. The usual cement is either silica, felspathic matter, 
carbonate of lime, carbonate of iron, or peroxide of iron. 

SECTION I. MODE OP ORIGDJ 

The outer portion of the lithosphere, to a depth of perhaps 20,000 
to 30,000 feet, is sometimes called the sons 0/ fi’aclurg, and is 
acted on by the d3maxmcal agencies, described in Chapter I, to such 
an e?rtent that the rocks of which it is composed are in a constant 
state of change. The original rocky crust has been broken up into 
fnaniU rock, and its constituents have been dissolved or trans* 
ported by f linging water until sedimentation has set in and sedi¬ 
mentary rocks have been formed. These derived rocks are, in their 
turn, again acted upon by the same agencies, and disaggregated. 

Iqkeous Rocks 

Origin. While it is practically certain that aqueous rocks are 
deriv^ from igneous rocks, and that altered and metamorphic 
rocks are derived from both aqueous and igneous rocks, it is likely 
that the real origin of igneous rocks will always remain in doubt. 

It is thought by some that igneous rocks show $%ns of derivation 
from aqueous ro^s, that all lavas are derived from aqueous 
rocks which have been subjected to intense beat and pressure until 
melted. 

With such questions as these the ei^ineer is not directly con¬ 
cerned, and it is of far more importance to him to study the wearii^ 
and weathering qualities of a rock and its liability to decomposition 
(see Chapter V, Section IV). 
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It is 3uftci«ut therefore to say that the same molten rock'inass 
or magma may issue as an effdsive lava or an intrusive dyke, sill, or 
boss, and may form a difiereot kind of rock according to the situation 
in which it was cooled and consolidated. 

AQDBons R<>CKS 

Ever since the surface of the earth was divided into land and 
sea a process of denudation (see Chapter 1 ) has gone on, by means 
of which material has been obtained to fcrm deposits in seas and 
lakes. Owing to the progressive shrinkage and consequent 
crumpling of the earth's surface, many of these deporits have been 
raised above sea-level, forming fresh deposits which, in their turn, 
were subjected to denudation, thus obtaining material to form 
newer deposits. This action is still going on, the older formations 
providing material for newer ones. 

It has been found that the outer shell of the earth is chiefly 
composed of siratifitd rocks (see Chapter 11 ) which are mostly of 
the following varieties 

Arenaceous or sand rocks are typically fragmented or cUkHc in 
character—vis, composed of grains, d^ved from the waste of 
igneous rocks, held together by a cement or base. 

Argillaeeous or clay rocks similarly consist of derived elements 
held together by a fine-textured base or paste, and retaining enough 
moisture to be plastic. 

Calcareous or lime rocks are chiefly of organic origin. 

EdrfAMORPHic Rocks 

The mode of origin of these rocks has already been described in 
G)apter II, but some of the chief effects of metamorphism may be 
noted here. 

Igneous roclcs are frequently altered by thercnal' metamoiphUm, 
the principal changes being the replacement of one or more minerals 
by others in the vicinity of the region of thermal activity, «.g- 
intruded granite. The add* rodss are less liable to thermal 
metamorphism than the intermediate * and basic * rocks. 

Inrir^Mooffous rocks the effects of metamorphism depend 

on the nature of the deposits. A pure quartz sandstone or quartzose 
grit will be changed into a homogeneous quartzite, while if the 
original rook was impure and contained other substances, silicates 

^ The result of beet by wblch rocks ers baked, hudeosd, and crystallised. 

* See SeetioB U: Ctoaft- 
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of alumina, garnet, micas, etc., may be produced and the rock may 
assume a gneissose character. 

Among Argillauo^ rocks, clays are altered into slates and shales, 
and, when more highly metamorphosed, the whole body of the rock 
becomes altered into schists or compact masses like homstone. 

Cakarsoui rocks are altered into marbles and crystalline lime- 
stones, etc. 


SECTION It. CHEMICAL AND 
UINERALOaiCAL COUFOSITIOK 

The percentage chemical compositron of a fragment of rook 
depends on the chemical composition of the various mineral and 
chemical substances of which the rock is composed, and is only of 
service in so far as it afiords an indicatioa of the nature of the 
various substances. 

The minetalogical composition is of great importance to the 
ei^fineer, to enable him to ascert^ the comparatiye durability of 
bis materials. 

Qeneral Terms. The foUowii^: terms are used to denote the 
composition of rocks 

FeUpathic. consisting of, containing, or resembling felspar. 

SiHctom, composed of or containing silica. 

Quarizott, composed of or containing quartz. 

Gypse<nis. having the properties of or containing gypsum. 

P^iow. having the property of one of the native metallic 
sulphides known as pyrites, though the term is often restricted to 
iron pyrites. 

Cofhonaceous, pertaining to or yielding carbon. 

Saliferouz, contain^ a considerable proportion of salt in beds. 

Micaceous, composed of or containing layers or flakes of mica. 

Rocks 

The magma or ground-mass is invariably composed of silica, 
combined adth the bases iron, alumina, lime, potash, and soda. 
When the silica is in excess of the bases, the rock is said to be acid 
or acidic ; when the precentage of silica is low, the rock is said to 
be basic. 

Groups. Igneous rocks may therefore be divided into groups, 
according to their percentage of silica, as follows r— 

Acid group with 65 to 60 per cent, of silica. Sp. gr., below 2 75. 
Granites, rhyolites, felsites. 


4 
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InUrmcdiaU group with 53 to 70 per cent, of silica. Sp. gr., 
2.7^2.60, Syenites, dlorites, trachytes, andesites, porphyiites. 

Basic group with 45 to 60 per cent, of silica. Sp. gr., 8*80-3-00. 
Gabbros, dolerites, basalts. 

VUra'lesic group with 35 to 50 per cent, of silica. Sp. gr., 
2«$5-3‘4. Peridotites. 

The Add group is distinguished by the presence of ^ee silica or 
quarts in mon or lees abundance. The chief felspar is orthoclase, 
but plagioclase also occurs. 

The Intermediate group is characterised by rocks containing little 
or no quartz and more plagioclase felspar than ortboclase. 

In the Basic group the rocks usually contain no quarts and very 
little orthoclase, but olivine is very often present. 

In the Ultara-hadc group the rocks are largely composed of oUvine 
combined with other ferromagnesian minerals and iron ores. 

Chemical Constituents. The oxides of Iron and magnesium are 
of considerable importance, especially in the basic rocks. The 
alkalies, potash ftT>d soda, are, however, the most important con¬ 
stituents of rocks, notably in felspars, micas, amphibcles, and 
pyroxenes. Phosphoric acid and titanic add are present in most 
basic rocks in the shape of phosphate of lime (apatite), or titaniferous 
iron ore (ilmenite) and sphene (titanosilicate of li^}. Fluorine, 
chlorine, and sulphur occur. 

Mineral Constituents. Plutonic and volcanic rocks are, speaking 
generally, composed of the same minerals, felspars, micas, horn¬ 
blende, augite, and other common silicates being their prindpal 
components. Sometimes platonic and volcanic rocks are even 
composed of the same minerals mixed in the same proportions. 

Aqueous Rocks 

Arenaceous Rocks. The commonest constituents of sands are 
minerals, such as white mica and quartz, whidi are least liable to 
chemical change, as the materials which formed the rocks from 
which the sands were derived have probably been subjected to 
chemical action during the processes of disintegration, transporta¬ 
tion, and deposition. 

Other constituents may be found locally, such as garnet, flint, 
tourmaline, or ilmenite. The csmeni may be calcareous, fem^Wous, 
or siliceous. 

2 n Argillaceous Bocks the constituents cannot easily be identifled 
owing to their minuteness. The derived portions may be quartz. 
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fslsp^s. or micas ; carbonates^ pyrites, and glauconite also occur. 
The basfi, which is of exceedingly hue texture, is probably often of 
micaceous origin, though formerly it was supposed to be kaolin. 

Calcareous Rocks. These are composed, as a rule, of calcareous 
organisms, the hard parts of which consist chiefly of excite or 
aragonite (see Chapter V, Section 11). Imp tire c^careous rocks 
contain sand and detritus, etc. In dolomitic limestones and 
dolomites a portion or the whole of the caldte is replaced by 
dolomite. 

Mbtamokfhic Rocks 

The principal change in comp»osition is due to recrystallisation, 
and while the chief original minerals are not much altered, accessory 
minerals are developed during the process of alteration. 


SECTION ni. STRUCTURE 

The terms ‘ structure' and ‘ texture' are often used in¬ 
discriminately, but it is preferable to limit the use of the latter 
term to the nature of the surftce, as 'rough,' 'even-grained,' 
etc., while the former term is used to denote the method in which 
the component parts of a solid are built up. 

Qenexal Terms. The various kinds of structure of rocks are 
described below according to their classification, as Igneous, 
Aqueous, or Metamorphic; but the following terms are used in a 
general sense;— 

CrystaiUng, composed of angular grains or particles more or less 
crystallised in place, and not of rounded fragments of pre-existent 
masses. For ' Holocrystalline,' ' Hemiaystalline,' ' hCcrocrystal* 
line,' see under 7g«eo«s Rocks. 

Crypiocrystailint, composed of minute crystals inviable to the 
naked eye. 

Granular, composed of approximately equal grains, either 
crystalline in outline or rounded by attrition. 

Ceiluiar or Vesicular, containii^ small spherical or bubble-shaped 
cavities. For ‘Pumiceoua,' ' Scoriaceous,' ' Amygdaloidal,' see 
under J^naous Rocks. 

Liihoidai. a dull, very close-grained structure giving the rock a 
strong appearance, such as the ' lithoidal lavas' of old continental 
vpriters. They may or may not contain some glassy matter. The term 
lithoidal is used iu opposition to vitreous, and is especially applied 


r 
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to rocks formerly glassy which have become partially devitrified, 
obsidian. 

Massiw, without definite cryatallme form. 

Compacl, so closely grained that no component particles or 
crystals can be recognised by the eye—a term used in field observa¬ 
tion (see Chapter VI. Section III). 

BrecciaUd. composed of breeda or rock consUtiog of angular 
^agments bedded in a matrix. The fragments may be composed 
of volcanic rocks or limestones, sandstones, siliceous cherts, etc., 
and the matrix usually consists of corresponding materials. Breeda 
is distinguished ^om conglomerates (see Roefti below) by 

the sharpness and unworn condition of the fragments. 

Breccias are fonned in several ways:— 

(tf) By erosion and consoHdation-^tmospheiic agencies detaching 
pieces of rock which become consolidated into masses of rock by 
pressure and induration. 

(fr) Volcanic breedas are formed as described in Chapter I, 
Section 11. ' 

(c) Volcanic fiuxion-brecdas are due to brittle lavas being broken 
up by pieasuie. 

(tf) Crush breccias and fiiction breccias are formed in fissures, 
veins, and faults. 

Otode. A nodule or concretion>bke mass of stone having a 
cavity lined with mineral matter or crystals pointing inwards. 
Common in all kinds of rocks, and in mineral veins. 

loieeous Rocks 

The same uprising molten magma, according to the situation in 
which it cools and consolidates, may fonn {cj. Chapter II, Section 1} 
(< 2 ) an effusive stream or lava that issued from a vein or fissure, or 
(6) an intrusive boss, vein, dyke, or sill. 

A molten magma is naturally in a slaggy or glassy condition. 
When it cools rapidly, its glassy structure is retained, but when it 
cools slowly a cfystalline structure is developed. Between the 
^treous and crystalline structures there will be a great number of 
intermediate forms which vary according to the rate and conditions 
under which the magma is cooled, 

DcviirifiMlion is mer^y a process of crystalUsaticn, and when 
the glass has been entirely replaced with crystals, the rock is 
completely devitrified. 

CfysiaUiUi or MicroliUi are tiny rods and plates which axe the 
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first form of crystalline strnctiif« to appear as the glassy magma 
cools. When the magma cools slowly, they build up crystal forms, 
but when it cools more rapidly they are unable to do so. 

Oround-mass. Many ^eous rocks consist partly or entirely 
of a paste or matrix, the nature of which cannot determined 
without a microscope. This paste is termed the ground-mass. 

Varieties of Structure. The following varieties are arranged in 
alphabetical order. The letters affixed to the names of structures 
denote the description of rocks to which each variety of structure 
is most generally applicable, as follows:— 

H. Holocrystalline Rocks. 

L. lUthoidal Rocks. 

V. Vitreous or Glassy Rocks, 

V.F. Volcanic Fragmental Rocks. 

The and porfhyriHc structures are the two principal 

ones among plutoiuc rocks. 

AgghmsraU (V.F.) consists typically of irregular, angular, 
subangular, or partly rounded blocks of various igneous rocks, 
usually of volcanic origin, often mix^ with more or less material 
of rudimentary origin, and embedded in a matrix, shnilar in nature 
to the coarser fragments, but usually fine*gnined. 

A gg lomerates are coarser and less often well-bedded than 
ordinary ash beds or tuffs. The blocks are often very large, and 
pieces of limestone, sandstone, or shale may occur mixed vrith 
volcanic materials, and be altered and recrystalUsed by contact 
with the heated igneous rocks and gasses. They are often found 
in,volcanic' necks.' 

Amy^itUoidal (V.). See ' Pumiceous.' 

AphaniHc (H.) (see AphaniU. General Terms, Qiapter V, 
Section I). A term still used to denote a compact, crystaHine, and 
finegrained rock the exact classification of which is uTUmown. 

Banded or Ribboned (H.L.V.). Owing to the slow motion of 
the rock while cooling, layers of crystals or glassy aggregates lie in 
loi^ strips or bands, one above another and more or less parallel, 
distinguishable by differences in colour and other properties. 

Cdumnar (H.V,). The rock Is divided Into long prismatic 
columns, beat seen in the basalt of the Giant's Causeway, also in 
felstones and granite. 

Dendritic (H.). A term applied to the branch*like aggregation 
of dark metalUo oxides, such as native copper, oxide of manganese. 



56 


GEOLOGY FOR ENGINEERS 

Bye-siTuciarg. Large crystals developed during metamorphism, 
cause the smaller constituents to fold over and flow round them, 
tailing out on either side so as to resemble an eye; * Augen- 

gneiss/ etc. 

PibrvMt. Consisting of minerals with fibrous structure, e.g. 
actiuolite schist, etc. 

Fluidal, as described under ' Igneous Rocks/ is seen in vitrified 
sandstones. 

FoliaHon. (See Chapter IT, Section III.) 

Myl^itic structure. Sbear-brecda composed of fiakes and 
particles of rock, which have been pulverised by dynamic meta- 
morphism in mountain regions. 


SECTION IV. PHYSIOA1 CEABACTERS 

Hardness is a character of the immediate constituents or minerals 
of which rock is composed, and is only Important as a rock-character 
when the rock is so fine in grain that the hardness of the individual 
constituent cannot be separately determined, or when the adhesion 
of the diflerent constituents to each other i$ of appreciable import¬ 
ance as compared with the cohesion of the parts of a constituent. 

For determination of hardness, see Chapter VI, Section III. The 
scale of hardness is given in Chapter III, Section I. 

Fracture. The character of the surface of fracture of a rock 
depends on the kind of fracture of each of the constituents, on the 
sines and arrangement of the constituents, on their modes of union, 
and on their cohesive and adhesive power. The terms used are the 
same as in the case of minerals (see Chapter III, Sedtion I), the 
following are t 3 ^icaJ examples 

Conchoidal . Flint. Uneven . Basalt. 

Sven Chert. Splintery . Cast iron. 

Colour and Lustre, Owing to the varieties of colour and lustre 
met with in one and the same rock, they are comparatively un- 
important, but some indication of the nature of a rock may be 
obtained from them if due caution is observed. 

Iron is one of the most important colouring agents. Scarcely 
any rock is free from iron. In many it is present as ferrous car¬ 
bonate, which is while when pure and therefore imparts no colour 
to the rock. Rocks which contain iron under this form are usually 
bluish or greyish, the colour being due sometimes to organic matter. 
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sometimes to various Inorganic substances. Rocks, however, 
seldom show this bluish or greyish hue except at some depth below 
the surface, or where they have been otherwise shielded from the 
action of the air. Where they have been exposed they are commonly 
red, brown, or yellow. 

Ferrous carbonate is an unstable compound, and under the 
oxidising influence of the atmosphere and of water becomes coa> 
verted either into ferric oxide (sFeCOj + 0 • Fe^Oi + aCOj) or one 
of the ferric hydrates, and the cotours given by these compounds 
are strong enough to overpower the original grey hue of the rock. 
Ferric oxide colours red; ferric hydrate generally produces some 
tint of brown or yellow, the exact shade depending perhaps on the 
degree of hydration. 

The student may observe instances of this change of colour in 
the sinking of sha^ or wells: the sandstones brought up from 
any depth are almost invariably blue or grey; the same beds 
when quarried at the surface axe brown or yellow. The same 
difference may be noticed between the top and bottom beds of a 
deep quarry. !t is not uncommon, too, to come across blocks of 
stone which are blue inside, ' blue-hearted,' and have a brown or 
yellow outride crust. This change has naturally gone on to a 
larger extent in porous rocks, like sandstone, than in impervious 
clayey rocks. 

The bine colour of rocks is caused by hnely disseminated iron 
pyrites in some cases, in others perhaps by ferrosoferric phosphate; 
the latter salt may also be the cause of the green colour of certain 
rocks, while in other this colour may be due to a silicate of 
iron, and sometimes perhaps to a ferric hydrate or a ferrosoferric 
hydrate. 

A while colour may be due to the absence of metallic coddes, or 
to weatheru^ or bleaching (see Chapter V, Section IV. 

Organic matter will colour clays and other rocks from U^kt grey 
to blook ; and in some sandstones black patches of colour are due 
to the presence of peroxide of manganese. Carbonaceous matter, 
of course, usually gives a black colour, and so at times does iron 
in the form of ilmenite or m^etite. 

Lustre. The terms used for minerals (see Chapter III, Section 1), 
apply equally to rocks, but tbis quality is not of the same value 
in the latter case. 

Streak. While the hardness is being tried, the colour and lustre 
of the streak or mark toft on paper by the abraded powder 



58 GEOLOGY FOR ENGINEERS 

(^. Cb&pter III, Section I, m tbe case of minerals) should also be 
observed. 

Feel and 5meU are distioctive in the case of certain rocks; 

and other magnesian rocks often have a soapy or greasy 
fee], and trachyte is notably rotzgh. Some rocks have a distinct 
bituminous odoor. 

Magnetism is important in tbe cases of rocks containing 
ms^etite, etc. 



CHAPTER V 


ROCKS 

In this chapter an attempt haa been made to describe the more 
important rocks in such a way that the engineer may he able to 
distinguish them with comparative ease. The science of petrology 
has, however, advanced considerably of late years and the various 
types have been found to grade into one another, so that, especially 
among ig:neoas rocks, the nomenclature is almost bewildering, and 
di£ers, moreover, in the various tex.t>book8. For more detailed 
descriptioDS, therefore, especially as regards microscopic characters, 
reference should be made to text-books on petrology. 

The engineer who desires to identify specunens ^ rocks do 
well to compare them with those to be found in any good geological 
or mineral^ical museum, and with the aid of the following descri^ 
tions he should be enabled to identify any ordinary rock. 

SECTION I. lOHEOUS ROCKS 
General Terms 

Felsite. A term formerly and still to some extent used to 
denote hne^ained igneous rocks of add or subadd composition. 
They are generally so hne-greined that their ingredients are not 
distinguishable by the naked eye. They consist for the most 
part of minute particles of felsptar and <^aartz. Those containing 
porpbyritic crystals of quarts are known as quartz-felrites (see 
Hypabyssal Rocks: Quartz-porphyry). Soda-felsites contain an 
abundance of soda-felspar. 

The felsites are now generally separated into graiute-porphyries, 
orthoclase-porphyiies, felsitiorhyolites, granophyres.micro-granites, 
etc. 

The term feliits or micro/elsite or feUitic tnaU^ is still used to 
denote the very fine gioond-maas of ihyoUtes, dadtes. and por¬ 
phyries. 

Trap Bocks. The basalts and felstones or claystones, as well as 
the rocks known as greenstones or whinstooes, are often all included 
under the name of trap-rocks, but the term trap U more properly 

69 
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applied to tbe dark compact greenstones or basalts of which the 
successive streams have flowed in great horisontaJ sheets and have 
given rise to a step-like structure, as in tbe case of the lavas of the 
Faroe Islands, the Deccan, Norway, etc. 

Aphamts. A name fbnneriy given to fine-grained dark igneous 
rocks tbe ingredients of which are not distinguishable by the naked 
eye. They consist essentially of plagiodase felspar with augite 
or hornblende, and possibly some quarts or biotite. Those with 
hornblende are now classed as diorites, etc., and those with augite 
as dolerltes, etc. 

Plutonic* Rocks 
Acid Group 

Granites. Occur in la^ masses or bosses with veins and dykes 
(see Chapter II, Section I), (See Chapter VIII for further details.) 
It has also remarkable weathering properties. Specific gravity 
about :s* 65 . The typical granitic structure is holoc^talhne, with 
no paste or matrix, the crystals or grains ah tou rhing one another. 
They sxe usually compact, but sometimes porous, and the crystals 
vary in sise 6om a mustard seed to that of a closed fist. Varieties 
of granite due to structural diflerences are porphyritic granite, 
geeissose granite, graphic granite, pegmatite, and eurite (see below). 

Granites are aggregates of quarts and felspar with mica, horn- 
blende, or augite as accessories. Varieties due to differences in 
composition are described below. 

The qttarU usually occurs in more or less angular grains, but not 
often with the crystalline faces perfectly developed, it is recognis¬ 
able by its vitreous lustre, conchoidal ffacture, and absence of 
cleavage, and is either colourless or has a smoky 
The ftlspar is usually oithoclase, but plagiodase (oligodase or 
albite) occurs; orthoclase is generally the predominating mineral. 
It usually occurs in twin crystals, deaves with a pearly fracture, 
and gives granite its characteristic colour, being pink, red or 
brownish red, white, yellowish grey, green or reddish grey, and 
even blue in Connecticut and the Pyrenees, The oligodase is leas 
transparent, contains more soda than orthoclase, is more fusible, 
and has a grey or greenish tinge. Albite and labradorite also occur. 

The mica generally occurs in thin plates which are often hexa¬ 
gonal. Crystals are rare. It varies in colour, being silvery white, 
brown, or black. The white potash raica (muscovite) is rarer and 

' Or Abyssal. 
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more diffused than the black magnesian mica (biotite). Both kinds 
often occur together- The dull edges of biotite crystals often 
resemble fibrous hornblende, but the lustre of the basal planes will 
easily serve to identify them. Certain large-grained granites contain 
lithia mica. * 

The hOT7thUn<U crystals are irregular. They show a prismatic 
cleavage and are green or brownish green. 

GrtmiU proper contains both light and dark micas, and the quartz 
and felspar are in approximately equal proportions. 

^^uscotnU graniie has white mica only. 

BiotiU graniU or granitiU has only dark mica, oHgoclase pre¬ 
dominates, and quartz is of reduced importance. 

HomhUnds graniU or sy&niiic is intermediate between 

typical granite and syenite. It contains less quartz than granite, 
and hornblende to a large extent replaces the mica, which is always 
dark. 

Avptc graniie is of rare occurrence. 

Protogtnic or Utk graniu of the Alps has the same composition 
as granite, but contains in addition a pale green, talc-like mineral. 
Its quartz is easily broken. The oligodase has a greenish tinge, 
while the orthoclase is grey. The mica is usually in ^-sided 
plates. The talc is only freely developed when the rock becomes 
schistose. 

gram^ is granite which has a schistose character. 

Graphic granite is also schistose, but consists of orthoclase and 
quartz so arranged in parallel layers that a transverse fracture 
exhibits the quartz in forms attesting letters of an Oriental 
language. It occurs near Ilmenau, and by Limoges, etc. 

Pegmaiite is a kind of giant granite in which the crystals of 
orthc^ase are sometimes a foot long, and the white mica occurs 
in large fiakes. 

It usually occurs in dyke-like masses, sheets, or veins, not gener¬ 
ally in the form of large irregular bosses like the commoner massive 
fine-grained granite. The pegmatites, which contain muscovite in 
large cr 3 'stals. are exclusively acid (siliceous) in composition, having 
in general the mineral composition of granite. 

It is seen near Penig in Saxony. Sometimes the greater part of 
the rock is formed in a milk-white quartz. It occurs in Ireland, 
and is frequently cavernous, with the walls of the cavities covered 
with crystals. 

Porphyritic granite contains large porphyritic crystals of ortho- 
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clase. THe ^und-mass is composed of tbe same constitaenta as 
ordinary granite, 

MicropegmaHit or granophyre shows the same te>ctDre on a minute 
scale as pegmatite does on a large scale, and is often so exceedingly 
fine-grained that its component parts^uartx and alhaU felspar— 
cannot be detected by the microscope. 

TountutUnc graniU is granite in which the mica is partly replaced 
by schorl The f^par is fiesh-coloured, and there is very little 
qaarta. Luxt*lyaniU is a toiinnaline granite obtained near the 
village of Luxullian in Cornwall. 

GranuUU is a name given by French geologists to a granite 
containing both muscovite and Uotite, but German geologists use 
this name for a metamorphic rock (see Section HI), and English 
and Aroerican geologists generally follow this practice. 

Schorl rock is a crystalline aggregate of quartz and tourmaline, 
usually granular and massive, and grey or dark coloured when there 
is much schorl present. It is hard, splintery, and resists weathering. 
Schorl rocks almost always occur in association with tounnaline 
granites, and usually originate from pneumatol 3 riic action on gran¬ 
ites, porphyries, etc, 

Grcism is a modification of granite the essential constituents 
of which are muscovite and quanta. It is distinguished ^om 
granite by the absence of felspar and biotite; common accessory 
minerals are apatite, tounnaline, topaz, fluorspar, and iron oxides. 
It resembles granite in colour though often somewhat paler ; hard 
specimens have a glistening appearance due to the crystals of white 
mica. It occurs in belts or veins intersecting granite, and is probably 
due to the alteration of granite. It resembles schorl rock both in 
mode of origin and mineralogical composition. 

Ei*nte,AfUU, Micro-graniU, Ehan and Quafi>JdsiU (see Quartz- 
porphyry under ‘ Hypabyssal Rocks' below). 

FelsiU (see Rhyolite under * Volcanic Rocks' below). 

l^UomcdiaU Croup 

Syenites are holocrystalline in structure like granites, and the 
texture is even grained. They occur in bosses and dykes but 
are much less common than granite. They consist essentially of 
orthoclase felspar with one of the ferromagnesian group; ^ according 

^ A greop embncios miswals forna^d by the ujUoq of with iron, 
magnesia aad lioie together with tome other hew oaidee, ioclsdos 
pyroxenes, an^>hiboIea, btoUte and oUvine. 
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to th« nature of the latter we bare Mombiend^syentia or syenite 
pro|*er, afigtia-syefti/^ and mica-sysfutf. The important difierence 
ftom granite is the absence or scarcity of q ua rtz, 

The orthoclase is usually white or pink and forms about half of 
the rock. The hornblende is usually green, but is sometimes brown 
or dark blue. It coiximonly occurs in lamellar and ooliunnar 
crystals, and encloses magnetite, apatite, brown mica, and titanite. 
The augite is usually colourless or very pale green. The mica is 
nearly always brown. Accessory minerals are plagioclase, sphene, 
apatite, zircon, magnetite, and pyrites. 

BomblefuU'SyamU is the typical syenite, and c*ccuP 8 in 
Germany, Piedmont, etc., usually with hornblende granites and 
diorites. 

is found in Saxony and Norway. In the latter 
country the most abundant type is laurviM'U, which has an iri* 
descent appearance. A similar rock occurs in Texas. 

Afica-syini/es are not common. Most of the rocks formerly 
known as mica-syenitea are now called mineiU^. See * Lampro¬ 
phyre ' (Basic Group of Hypab 3 'ssal Rocks). 

Nordmarkik is a quartz-syenite^^ transitional form between 
granite and syenite, and occurs in Norway, Sweden, and Scot¬ 
land. 

Afonsontte is a dark grey rock, diSering from granite and 
syenite in containing nearly equal parts of plaglodase and 
orthoclase felspar. It has much augite and large brown plates of 
bronzite. 

Nephtlint-^sniie. The nepheline in the coarse elaolite form 
resembles brownish or greeni^ quartz, but may be distinguished 
hy the knife and by its characteristic greasy lustre. The varieties 
with hornblende have been called foyaiU, from Foya in Algarve, 
and those with mica miasciU. from Miask in the Urals. 

Diorite- Occurs generally as dykes. Spedhc gravity, s«$s to 3 * 0 . 
like syenite it has a holocrystahine granitoid structure, while 
ophitic structure is found in the more basic vaneties. The texture 
varies from to fairly coarse. Differs from syenite in having a 
soda-lime felspar instead of orthoclase as one of its principal coo* 
stituents. The other principal constituent is usually green horn¬ 
blende. but mica, augite, and enstatite also occur. Quartz may be 
present, and when in considerable quantity the rock i$ termed 
Quarig-dioriU- 

TottaiUe is a quartz-diorite containing biotite ^and hornblende 
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m nearly equal proportions, resemblmg but usually darker than 

granite. 

NapoU(mil^ or CorsiU is a variety of diorite, characterised by 
orbicular structure. 

Bask Group 

Q&bbro. Occurs as dykes or in large boss*like intrusions. A 
granitoid rock, used to some extent fbi building under the com- 
meicial name of granite. Belongs to both the Intermediate and 
the Basic Groups. Specific gravity, 2 9 to 3 * 02 . Holoaystalline 
and granitic in structure, the texture varying from medium to 
coarse grain. Contists essentially of a lime-soda felspar, usually 
labradorite, but sometimes anorthite, and a pyroxene, usually 
diailage, which often fills up the spaces between the felspar, its 
cleavage surface having a marked metallic or pearly lustre. 

In gabbro propfr, diailage or augite predominates; horubUndo 
gobbro contaius hornblende in addition which is green or brown ; 
oliviw gabbro, in addition to hornblende and acgite, contains 
olivine which, when fresh, is colourless, but Is often stained with 
limonite; in norke, diailage is replaced by hypersthene, which has 
a coppery lustre. 

The name gabbro is sometimes restricted to varieties centring 
olivine, which are more basic; while the intermediate types, in 
which no olivine is present, are known as pyroxene dionUs. 

Pyroxenites consist of minerals of the pyroxene group, and are 
sometimes known according to the predominant mineral as pyrox- 
enite (augite), diallagite, hypersthenite, bronzitite, and websterite 
(dialis^ and hypersthene). Homblendites are allied, and the 
whole group is known as perhiiU. They are closely allied to the 
gabbros and norites, but difier in having no felspar, and to the 
peridotites, which differ in containing olivine. They are usually 
very coarse-gesined and pass into serpentine by decomposition. 

Ultra-Baste Group 

Peridotites- Specific gravity, 3 0 and over. Holocrystalline in 
structure, sometimes granular or porphyritic. Composed very 
largely of olivine and nearly always de>^d of felspar; contain 
much iron and magnesia ; weather eatily and frequently change 
to serpentine. They are very often poikilitic, small rounded 
olivine crystals being embedded in masses of pyroxene or hornblende. 
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Hypabyssal Rocks 

The ^eous rocks included under this head usually occur in the 
form of dykes, and probably are protruded Irom deep-seated bosses. 
Most are holocrystaUine, but in some there is a glassy residue. 
They are usually compact, but some have a vesicular and others a 
porpbyritic structure. 

Add Group 

Oranito-poxphyiy. A fine-grained granitoid rock with a holo- 
crystalline or micropegmatitic xnatrix, with large phenocrysts of 
ortbodase and plagioclase, and smaller fragments of guartr, biotite, 
and occa^onaliy hornblende or pyroxene. It is generally found 
associated with granite. 

Quartz-porphyries, Also known as felsitts, quariz-ftldUs. or elvMS. 
Specific gravity about «« 65 . Colour var 3 ^ng ih>m white to dirty 
yellow. Frequently occur as dykes and veins near granite bosses. 

The ground'toass is compact or more or less crystalline, consist¬ 
ing of quartz and felspar, with embedded crystals of quartz and 
orthoclase, and sometimes biotite. Many of the fine-grained varieties 
cannot be differentiated from micro^aniU. 

If consisting only of quartz and orthoclase in a felsitic ground- 
mass, the rock is known as apUU. 

Euriie is the French equivalent of 'felsite.' 

EUxsn is a Cornish name for quartz-porphyry, but the same term 
is used for china-stone. 

4 

InUnnediaU Group 

Holocrystalline rocks with porphyritic structure and felspar 
phenocrysts. Divided into (a) orthoclase predominat¬ 

ing and related to syenites; (b) PorpAyn/^s—*plagioclase predominat¬ 
ing and related to diorites. 

Porphyry. A general term denoting rocks which contain an 
alkali felspai, and occupy a position structurally between porphy¬ 
ritic granites and rhyoEte. 

Porphyries include the following varieties:— 

OrthocUupporphyry (felspar-porphyry) includes syenitt^orphyry 
and orthophyre, though the latter term also includes some eurites. 
It contains little or no free quartz, and bears the same relation to 
syenite that granite-porphyry does to granite, and includes many 
so-called /siston^s. The ground-mass is principally alkali felspar 
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with sometimes a little quartz; the pheQCcrysts are orthoclase (or 
oligodase), with biotite, hornblende, or augite. 

ElaoliU-forphyry contains porphyritic nepheline, often weathered 
to soft, finely crystalline aggregates of white mica. 

PorpkyriUi have a porphyritic texture with pbenocrysts of 
plagiodase felspar and hornblende, biotite or augite, in a fine¬ 
grained mass. The name porpbyrite was formerly given to altered 
andesites, etc. They often occur as dykes accompanying masses of 
dioiite, and are then called dioriU-pcrphyfii^s. Hornblende 
ptrrphyrUe contains plagiodase hornblende and biotite; mice 
porphyrxtc contains pUgiocUse and biotite. Horiteporpkyriies have 
porphyritic plagioclase with hypersthene or brondte and accom¬ 
panying norite masses. 

Baste Group 

Lamprophyres, A family of fine-grained, dark-coloured, usually 
much altered dyke rocks, rich in hornblende, augite, or biotite. 
They include mimUe, hersanits, and fnicA-lrap. 

Dolerites occur in dykes and sills and lava flows. They are 
generally holocrystalline and coarse-grained, and their essential 
minerals and chemical composition are similar to basalts (see 
* Volcanic Rocks'). Many dolerites are porphyritic. They consist 
of plagioclase felspar and augite, with olivine, hornblende, mica, 
or enstatite. 

QuarU'dclerxU contains a small amount of quartz and is often 
znicropegxnatitic. 

DutbAsc is a name given to a doleritic rock in which a greenish 
chloritic colour has been imparted by the alteration of the ohvine or 
augite. 

Variolitcs^ are dark green basic igneous rocks which have 
become much decomposed, and whose weathered surfaces show pale 
coloured spots or markings like pock marks. They are akin to 
basalts and diabases, and also occur as an alternative form of 
dolerites. 

VoLCAwic Rocks 
Add Group 

Rhyolite. The volcanic equivalent of granite, and corresponds 
with quarts-f^hyry. It is also called ^ioiiz-traehyU and 
lipATilc. Spe^c gravity about 2*5. It is compact, lithoidal, or 
porphyritic, often with marked fluidal, perlitic, and spherulitic 
* Vsinckla 9 Smallpox. 
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structure, aud has a glassy grousd-mass. Highly acidic. Consists 
of quarts and orthockse with either mica, hornblende, or pyroxene 
in a light-coloured ground-inass, like that found in trachyte, chiefly 
composed of microliths of felspar. 

NovadiU is a crystalline and granitoid variety of rhyolite. 

Obsidian is a tenn which includes both rhyolite glass and trachyte 
glass. These glasses have a low sj>eciflc gravity, a marked coochoidal 
fracture, and a high fusibility. 

FeUiU. This term was formerly used to describe many rocks 
which are now known as rhyolites, but its use is now restricted to 
the felsitic structure described under ‘ General Terms' in this 
Section. 

Piickitone is almost identical with obsidian, but is less glassy 
and has a greasy or pitch-like lustre, and a fracture more or less 
conchoidal and at times rather splintery. It contains more water 
than obsidian, and is generally dark green or brown in colour, but 
sometimes dark yellow or red. 

IntermtdutU Group 

Trachyte. The volcanic equivalent of syenite, and corresponds 
with felspar-porphyry. Specific gravity about 3 « 5 . Compact and 
lithoidal in structure and very often scoriaceous, causing the rough 
texture from which the name is derived. Usually pale in colour, 
but reddish, y^owish, or even black trachytes are found Con¬ 
stituents are the same as those of syenite, the ortboolase being 
usually sanidine in large, plate-like crystals which are porphyritic, 
the ground-mass being felsitic. 

PhonoUU or Nepkelin&‘tr(uf^ii is the volcanic equivalent of 
nepheline-syenite, and is commi^y known as clinksUns, as it emits 
a ringii^ sound when struck. Specific gravity about 3 55 . Com¬ 
pact, lithoidal, or glassy in structure, of greyish-green colour and 
spotted appearance. Sometimes has a fissile character, and splits 
into slabs which can be used for roofing. The fissile character is 
intensified by weatherir^, which also includes a spheroidal or onion- 
like structure in the decomposing rock. 

It consists of sanidine and nepheline with a ferromagnesian con¬ 
stituent; sometimes leudte is present in combination with or 
replacing nepheline. 

BoshnUs. A fine-grained, light-coloured grey or pinkish rock 
consisting easentially of alkali felspar; is very rimilar in composition 
to trachyte, and often occurs with nepheline-syenite. 
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Andesites. D^k-<olouied kvas pievaJent in the Andes; the 
volcanic equivalent of diorite. They consist chiefly of a glassy, 
plagiodase felspar, with mica, hornblende, or pyroxene, and a 
lithoidal to glassy ground-mass. The absence of orthodase is 
characteristic. They vary in colour from grey to dark green, and 
when hornblende abounds may be dark brown or black. They 
occupy an intennediate position between trachyte and basalt. 

Trachytic andtsite (mica or hornblende andesite) has a structure 
like that of trachyte, and is commonly porphyritic. The ground- 
mass is characteristically trachytic, and the colour is usually 
darker than that of trachyte. Specific gravity about 275. 

BasaiHc (pyroxene andesites). Structure lithoidal, 

sometimes with glassy interspaces between the crystals. They are 
darker than the trachytic andesites, and approach basalts in 
texture, becoming even black and notably heavy. The fracture is 
conchoidal. Specific gravity, 275 to 2 9. 

Quarit-andi^ik or DaciU contains a considerable proportion 
of quarts, but otherwise resembles the trachytic andesites, though 
it has some features in common with rhyolites. Spedfic gravity 
about 2-65. 

AUerti in which the glassy matrix is replaced by a 

brown earthy base, are sometimes called j>Qrfhyni€&, but this term 
is now used for rocks resembling porphyry, bat having a soda- 
hjne felspar; they are the plutonic equivalents of andesite. Those 
altered by thermal waters, steam, or gases are sometimes called 
pfo^yiU4s. 

Basalts occur as lavas, sills, and dykes. They are very compact, 
black, dark brown, or greenish ro^ varying in structure from 
holocrystalline to semi-vitreous, and sometimes porphyritic or 
ophitic. They often form immense dykes, with a tendency to 
cleave into hexagonal columns as on the Giant's Causeway. They 
consist of pl^ioclase and augite, with olivine in the most basic 
varieties, and magnetite, ilmenite, and apatite. Specific gravity, 
2<9. They are the volcanic equivalents of gabbro. 

When olivine or hornblende occoxs, the rock is known as olivine- 
basaji or hombUnde-basaU ; if nepheline or lendte entirely replaces 
the felspar, the rock is called nefiheliw-basalt or l&uciU-b^ait 

Taehy^te is a basaltic obsidian, black, often vesicular or spheni- 
litic, weathering to dark brown or red, and when much decomposed 
is known as palagoHiU, 

Tn those basalts in which the phenocrysts are embedded in 
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a holocrystaJUne ground-mass we get rocks that are essentially 
dolerites. 

AnamtsiU, diabaso^&rphyriU, and melaphyrs axe names given to 
the older rocks to indicate more or less altered basalts aod dolerites. 

Basaltic lavas aie often spongy or pnmiceous, the cavities being 
filled with caldte, chlorite, and seolites. 

NepheliniUs are lavas with nepheline and augite. Lavas with 
nepheline, augite. and olivine are called nefihelin^-basaits ; those 
with plagiodase in addition are called aephgline-hasaniUs. Lavas 
with nepheline, plagiodase, and augite are neph€i*n&-UpfmUs. 

Volcanic Frachehtal Rocks {Pyroclastic) 

As these rocks are bedded, they are often induded with other 
bedded rocks under the geneial term ' Sedimentary Rocks,' but 
it seems prefer a ble to class them, according to their mode of origin, 
among the igneous rocks. 

As regards volcanic ^ecta (see Chapter 1 , Section II), volcanic 
sands are mere water^worn deposits the materials of which have 
been derived from some neighbouring volcanic area. 

Volcanic Agglomerates or Coarse XolEs. As described in 
Chapter I, Section II, these are derived from volcanic ashes, etc., 
which have consolidated. The older tuffs are generally very 
compact and solid, while the younger are light porous rocks. 
Volcanic bombs and lapilli are frequently embedded in the ashes 
and dust, and may be angular or ^eroidal or twisted and ropy, 
with a rusty brown colour. They often are scoriaceous and 
amygdaloidal. The whole forms a conglomerate and often has 
joint planes traversing it. 

Tuffs and Ashes. The fine ashes form compact masses, but the 
tnffsmixed with them may contain embedded crystals of augite or 
felspar and lava blocks. Weathering shows a coarsely fn^mental 
structure. 

Trass. A local name for a volcanic tuff found in the Eifel. It 
is a fragmental rock, grey or cream-coloured, and chiefly composed 
of pumiceous dust. It may be considered a trachytic tuff, and is 
chiefly used to impart hydraulicity to lime, but in a compact form 
is used for building purposes and as a fire-stone. 

Fozzolana or PoasuoUna. A decomposed tuff, of basic character, 
which looks like red sandy earth, and lies in extensive beds under 
and Toond the city of Rome. It is used like trass to form hydraulic 
cement (see Chapter X). 
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SECTION n. AQUBOt^S BOCKS 

These consist of the stiatihed rocks which have been formed by 
depo^tion in water. The pyroclastic, sedimentary rocks which 
have been formed irom volcaiuc ftagments have been already 
described in Section I. 

Aquecos rocks may be divided into (i] detrital (hagmental or 
clastic) rocks, vis. formed from materials derived from older rocks; 
(2) rocks formed by chemical or organic agencies. 

DtraiTAx. (Fragmental or Clastic) Rocks 

These coo^t of pebbles, sand, or mud which have become 
hardened by various natural cements into solid beds or strata. 
The pebbles then become a conglomerate, the sand a sandstone, and 
the mad a mudstone clay or shale. Mui is the fine, almost impal* 
pable material produced by erosion and formed by natural agencies 
into a stiB paste with water. According to the rocks from which 
it is derived, it may consist of limestone, sand, or clay, or mixtures 
of these and other materials in any proportios. It often contains 
a considerable amount of vegetable matter. MudsUyiu is an earthy 
rock with no definite structure, and apparently composed of com¬ 
pressed dried mad. It bears a relation to mud s imilar to that of 
sandstone to sand. 

Detrital rocks are all mechanical deposits, and vary indefinitely 
in composition according to the nature of the sources from which 
they were drived. They may be divided into (i) areyviceous or sandy 
rocks, and (ii) argiU<utou$ or clayey rocks. 

(i) Armacwui Rocks 

Sand. ' By tVij< term we understand the materials constituting 
the fine-grained siliceoos rocks called sandstone. This sand has 
in every case been derived from the destruction of igneous or 
metamorphic rocks, and in some cases of cherts or fiints. Quartz 
is by far the commonest ingredient of sands. The quartz from 
granite consists of separate grains ^^ch often have an irregular 
and complex fonn, but the quartz from felsite is much more truly 
crystalline, and the planes of the crystals are frequently perfect, 
tbougb the angles are more rounded than in the quartz from granite. 
Sometimes the grains are corroded as though partly dissolved by 
the action of the alkalies liberated when the associated felspar was 
decomposed. The quartz derived from gneiss and mica-schist, 
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especially when those rocks have a thin foliation, is remarkable for 
being fattened in the plane of foliation, and consists of numerous 
small crystals dovetailed together, so that when broken up it gives 
rise to a finegrained sand, or a sand containing grains which show 
a compound structure; and if the parent rock contained mica, thin 
plates of mica are found between the parallel ^ains of quarU.' ^ 

Ihe feisfar which is usually associated with quarts is generally 
quickly decomposed, but a small amount often remains in the sand. 
In addition to the above, sands generally contain other ordinary 
rock-forming minerals, «.g. garnet, tourmaline, sircon, anatase, and 
rutile which resist decomposition ; less common ingredients are 
hornblende, augite, chlorite, iron oxides, andalusite, etc. 

'The grains of sand are rarely obtained direct from the rock 
which yields them without experiencing a Urge amount of wear. 
This attrition is due to transport of the material by rivers, and 
grinding by the waves on the seashore. Some andent sand-beds 
are made up of grains which are unworn and practically new, while 
the grains on many a modem sea-beach are of vast aotlqulty, and 
have fonned part of several geological formations, in each of which 
they have been worn. When we examine some of the modern sands 
in process of formation, the amount of wear is fowid to be un¬ 
expectedly small; thus the sand of the river-terraces at Dunkeld 
is almost entirely angular, and presents the features characteristic 
of sand derived riom schists. The sands of the Arabian, Egyptian, 
and great African deserts, on the other hand, are exceptionally 
worn, every grain presenting the characters of a miniature pebble, 
a feature resulting from the agency of wind in rubbing the grains 
against each other/ ^ 

Sandstone consists of grains of sand compacted by some cement- 
medium, which may be calcareous, ferruginous, siliceous, or a 
mixture of some of these. The calcareous cement has probably been 
originally deposited in the form of mud, etc., at the same time as 
the sand grains, but has had no binding effect until it has been 
dissolved and redepo^ted with a more or less crystalline texture. 
Ferruginous cement may occur alone or associated with calcareous 
matter. The red oxide of iron and brown hydrated oxide both 
occur and often form a thin coat round each grain. When the 
cement is siliceous it is often deposited in crystalline continuity with 
the quartz grains. ArgUlaceous cement also occurs formed by the 
decomposition of felspars, etc. 

1 Phillips: fdanMCl of Coe\<iy. Part I, H. G. Seelej'. pp. 92-93* 
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Wbeck sandstone is capat>le of being easily diesaed by the hammer 
for building purposes it is denominated fn^stom, and when capable 
of being split up into large sheets for paving, etc., it is known as 

Qannister. (See Giapter IX,' Refractory Materials/) 

(Jrit is a hard and firm sandstone formed of coarse, sharp 
grains. 

Sandstones are described as mKoaous, feUpathic, (juartsose. 
gUtucoMUo. according to the nature of their materials. 

filuestooe is a bluisb, hne-grained, argillaceous sandstone used for 
flagging and building. The term is also used locally for any stone 
of a blue-grey colour. 

Buhrstone is a cellular variety of chalcedonic silica. Occurs in 
the Paris tertiary basin and is much used for millstones {ef. eocene 
of Alabama. Synonymous for cowstones or dodgers). 

Quaizite (see also under Altered Rocks, Section HI). When a 
deposit of quarts-sand has become completely compacted by a 
cement of quartz, the result is a quartzite, but one In which the 
original grains and cementing material are clearly distinguishable. 

Conglomerate (Puddingstone). A coarsely fra^ental rock com¬ 
posed of pebbles or fragments of pre-existing rocks set in a flner- 
grained matrix. The pebbles must be water-worn or rounded, for 
if angular the rock is known as a brecda. The pebbles consist 
chiefly of hard rocks such as granite, gneiss, quartzite, chert, flint, 
greywacke, sandstone, or limestoue, and andesite, diorite. porphyry, 
and porphyrite occur. They vary in size from zo to 30 feet in 
diameter to z foot or less. The matrix usually resembles the 
pebbles in composition, but also contains a oon^derable proportion 
of softer ingredients such as clay, felspar, mica, dolomite, and calcite. 

Congbmerates are really consolidated gravels, and were generally 
formed on seashores or in shallow waters. 

Greywacke is an old somewhat vague term used for sandstones 
belonging to the older geological periods, which are usually grey 
or brown and very impure. It is now used for greenish-grey 
felspathic sandstone. 

I^e name Arkose is given to (a) a felspathic sandstone which may 
have been formed close to a mass of granite or rock, and 

thus contains ail the minerals of the rock fltted close together by 
pressure; and (i) a fragmental rock, usually yellowish brown, 
composed of crystals of disintegrated granite, which is also known 
as growanstone. 
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(u) Argiiiac^ous Rocks 

Clay is fully described m Chapter IX. Kaolin or KaoliniU, 
which is a hydrous silicate of alumina, is a secondary mineral 
derived chiefly &om the decomposition of felspars, and is commonly 
fonnd in the form of china clt^. It is often considered to be the 
basis of all clays, but even in purifled days, while there is a pro¬ 
portion of kaolinite crystals, there is a larger proportion of amor¬ 
phous material known as kaoUnHic matter, dayiU, or true clay, 
whose chemical composition is the same as kaolinite. 

Ordinary clays contain a certain amount of felspathic mud, and 
it is not easy to draw the line between da}^ and mttdstones^xht 
latter being composed essentially of felspathic mnd with mixtures 
of other substances. For the practical purposes of the engineer 
the test of a clay is its plasticity and sectUity. 

Clays may contain, in addition to kaolin and felspar, some augite 
and hornblende and small particles of other minerals, e.g. quartr, 
calcite, pyrites, etc- 

The dse of the quarts grains in clay will give some idea of its 
origin: if derived from granite, they will be coarse; if fl:om schists, 
they wiU be finer, 

Harl is a mixture of day and lime. MaH slaU is calcareous 
shale. 

Loam is a mixture of day and sand. 

Shale is indurated day, mud, or silt which is more or less 
laminated. It is also Imovm as hind, blue bind, piaU, or shiver. 

Arenaceous shale, rock bind or stone bind, is a sandy shale. 
Carbonaceous shale, bass or batt. contains enough carbonaceous 
matter to be ea^ distinguishable. 

Oil shale contains bituminous matter. Shales containing iron 
pyrites are used for making alum, and are known as ahm shales. 


Rocks formed ey Chemical or Oroanic Agencies 
These may be divided into calcareous, dliceous, phospbatic, 
carbonaceous, and ferruginous. 

(i) Calcareous Rocks 

Limestone. Limestone may be formed from the waste of older 
limestones, from remains of mohusca and other organisms, or by 
chemical precipitation and depoation. It consists of pure carbonate 
of lime, or of carbonate of lime mixed with silica, alumina, iron, 
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etc. Wliec any of these occurs m excess the lOck is kncnm as a 
silicMus, argtUa^Mus, artnauous, or carhoyiac$wt&, etc. limestone. 

‘ The carbonate of lime sometimes exists in the crystaUine form 
of calcite, sometimes in the fonn of aragonite, and many shells have 
one layer of caldCe and the other layer of aragonite. There is no 
means known by which caldte can be changed into aragonite, the 
former being a remarkably stable substance, but aragonite is as 
strikingly unstable. When its temperature is raised it passes into 
a mass <f( crystals of caldte ; it is also easily dissolved, and since 
caldte is usually deposited from cold solutions of carbonate of lime, 
it happens that organisms formed of aragonite are often removed 
entirdy from a deposit, or replaced by structureless caldte. This 
difference explains not only the dicumstance of preservation of 
many groups of fossils, but also important points in the general 
structure of limestones.’' 

PAys«al characlera. The colours are very varied; hardness 
about 3; speciffc gravity rather less than caldte—some compact 
varieties i’ 6 , those with aragonite 3*85. All effervesce with cold add. 

Vertical joints are common, and with the planes of bedding form 
the blocks and terraced cliffs so well known. The planes of lamina¬ 
tion are not easily separable. Compact limestones show a dean 
fracture. 

Concretions of silica in the form of fiint and chert (see (ii) Siliceous 
Rocks) are common, and beds are often replaced by pseudomorpbic 
action. Siaiactites and Traveiiine are often found with limestones, 
chalk, etc. 

Chalk is a white, ffne-grained limestone containing at times as 
much as p4 to 98 per cent, of carbonate of lime. It may be quite 
soft and earthy, or harder and more compact, and frequently 
contains nodules of ffint and iron pyrites. 

Chalk maH is chalk mixed with day. 

Oolite or Oolitic limestone is usually a dull yellow colour, but 
grey oolite is found. Its peculiar structure makes it a' freestone,' 
or one which can be cut in any given direction. Bath stone. 
Portland stone, etc., are oolitic limestones. 

Pisolitic limestone is sometiines known as ' pea grit.' 

CrystaiUne limestone has a coarse or fine crystalline structure, 
which may be due to alterarion (see Secrion HI) or to or^nal 
structure, each crystal being a fragment of a fossil 

Brecdated limestone is fairly common where earth movecnenta 
‘ Phillips: Manual cfGeokgy, Part I. H. G. Seeley, p. 106. 
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have taken place, cracks fonned thereby becoming fihed with 
caldte. It may consist largely of fossils which become deformed 
or of mineral fragments, and when associated with mica may be 
changed into ‘ calc-schist ’ {see Section III). 

SUdactihs and (see Chapter I, Section I) frequently 

show a crystalline structure, and fractured surfaces show successive 
layers which disclose the mode of deposition. 

Tramiint. which condsts of carbonate of lime deposited on 
vegetable matter in streams, etc., often shows relics of such matter. 
It is generally pale or slightly tii^d with brown or orange, 

RoUenslont is a name gtven to the siliceous skeleton formed from 
siliceous limestone by the weathering out or decomposition of the 
calcareous part of the rock. 

Comstoze is an arenaceous limestone in which the carbonate of 
lime is sufficiently predominant to enable it to be burnt for lime 
when better stone is not available. Arenaceous Umestones pass 
into calcareous sandstones. 

Carbonaceous or Biiumnous Upwton^ obtains its dark colour 
from the decomposition of vegetable or animal matter, and /did 
limestone owes its smell to the same cause. 

Coral litnesiones. Scattered corals occur in many shelly lime¬ 
stones ; but occasionally the branching or astrsan types build 
up reef-like masses among ordinary sediments, enclosing the coral 
detritus accumulated on their flanks, together with many remains 
of the organisms of the external sea. 

Dolomite (dolomitic limestone). This rock is generally due to 
the alteration of ordinary limestone, a portion of the carbonate of 
lime being replaced by carbonate of magnesia. It forms extensive 
beds of magnesian limestone, and also occurs as an alteration 
product of limestone and aragonite. It is liable to contun cavities 
and hollows. Speciflc gravity about 

Its colour is usually brown or yellow, but white, grey, and black 
varieties occur. Dolomite is sometimes earthy and friable, some¬ 
time splits easily into thin slabs, and sometimes forms large 
concretions. 

Bock-salt (see Chapter III, Section 11 ) occurs in beds and masses 
sometimes from 6o to 90 feet thick. It is frequently mixed with 
argillaceous, femiginous, or bltinninous earths which give it various 
colours, but is sometimes perfectly pure and white. It is often 
associated with gy3)aQm. 

Dypsum is a mineral {of- Chapter III, Section II), composed of 
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suiphate of lime, which occurs in regular beds and in irregular 
concretionary masses, and also in veins and strings in other rocks. 
Specific gravity, 2-32. Docs not effervesce with acids. Colour 
generally white. When compact, it resembles pure crystalline 
limestone, but hardness of only 2 distinguishes it. The crystalline 
varieties are known as siimiU ; the cryptocrystalline and fine' 
grained varieties are called ; the compact, very fine-grained, 

and mottled varieties are known as alabasUf. while the fibrous 
varieties with a silky lustre are called saHn-ipar. 

(zi) SiUciOus Rocks 

riint and Chert. These terms can be used synonymously for 
the concretions and beds of chaJcedomc and amorphous silica 
found so frequently in limestones and sandy rocks. FlitU, however, 
is brittle and breaks with a very marked cocchoidal fracture, 
while chsrt is tough and breaks with a splintery fracture. 

Flint fractures with a generally uniform and often conchoidal 
snrfrce, and fragments are semi-transparent. Its hardness of 
about 7 is distinctive, and it is not afrected by acids. 

Nodules of fiint and bands of chert are found along lines of 
stratification, and occur along joint planes and faulting lines in 
tabular form. 

(iii) Phosphalic Rocks 

Phosphorite (phosphatite), or phosphate rock, is a massive 
radiated variety of the mineral apatite (phosphate of lime), which 
occurs in a compact or earthy farm, or in irregular concretionary 
masses or nodules, and is probably of organic origin. It is usually 
associated with clays, but occurs among both sandstones and lime- 
stonea The masses are usually amorphous, but sometimes 
sspUrian. i.$. consistiog of nodules or concretions with compact 
crust, the interior being broken up by angular, radiating, or inter¬ 
secting cracks filled with a foreign mineral. 

Coprolites, i. 6 . dung-stones, are formed from the excrement of 
extincf fishes and reptiles. 

Ouano is formed from the excrement of birds. 

Fhosphatic nodules which have no trace of animal remains are 
often called coprohtes. 

Sone-hsds are the osseous remains of vertebrates, mingled with 
phosphatic nodules. The bene is usnally dark brown or greyish 
black and lustrous. 
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(iv) CarhonacMus Rocks 

When wockI decomposes, the oxygen, hydrogen, and nitrogen 
are gradually removed until almost nothing but carbon is left- 
Various stages in the process of decomposition under different 
conditions produce humus, peat, lignite, brown coal, bituminous 
coal, and anthracite, the latter containing the largest percentage 
of carbon. 

Humus (see Chapter X, Section I) is the vegetable part of the 
soil as opposed to the strictly mineral portion. 

Peat is strictly a vegetable accumulation, and occurs in all stages 
of consolidation from the light fibrous Utrf of the surface, in which 
the several plants are apparent, to the dark compact fiat below. 

Ugnite consists of a mass of branches and stems of trees and 
plants matted together and retaining their woody fibre. 

Brown coal is lignitic in character, but so far mineralised as to 
show no trace of woody fibre. It is easily cut and often laminated, 
impure and clayey. 

Coal. ' Wherever vegetation has accumulated In swampy localities 
necessary for its preservation, coal has been formed, and hence 
coal is of every geological age. Its formation in the Carboniferous 
period, and generally, was analogous to the growth of peat. 
Intercepted drainage killed the forest trees in districts experiendng 
a temperate climate, and, as in the English fens or Irish bogs, the 
stumps of forest trees are found beneath the vegetable growth, 
which was itself a soil for plants of many kinds now imperfectly 
preserved. Spores of coniferous trees fur^hed bituminous bands. 
Peat, like coal, alternates with beds of day.' ‘ 

Coals may be recognised by their low specific gravity (i‘28}, 
hardness of about 2, and combustibility. Anthracite is more 
brittle than common coal, has a spedfic gravity of 14 and a more 
brilliant lustre. 

(v) RacXs 

These are for the most part limestones in which carbonate of iron 
has, to a considerable extent, replaced carbonate of lime. 

Magnetite, ilmenite. specular iron ore, and limonite occasionally 
occur in beds or in massive form, and as secondary constituents in 
many cr3%tallme rocks. 

Very rocks are free from iron, but it usually occurs In small 
quantities, so that its chief importance is as a colouring agent, 
1 Phillips: Manual 0/ Geoiogy, Part 1 . H. G. Sseley, p. 475. 
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though ferrous carbonate, which is often present, is white when 
pore, and consequently does not impart any colour [cf. Chapter IV, 
Section IV). With regard to the weathering properties of iron, see 
Section IV of this chapter. 

Clay ironstone is a mixture of carbonate of iron and clay which 
occurs in nodules or thin bands in shales and clays, and is brown 
in colour. 

BUokband is a variety rich in carbonaceous matter. 


SECTION m. LIETAMOEPHIC ROCKS 

dassafieatioc. However much a rock may have been changed 
in structure or texture by any of the agencies of metamorphism 
(see Chapter II, Section HI), it must have been, when first formed 
either an original (igneous) or derivative aqueous rock, or a mixture 
of both. 

It would therefore appear desirable to classify metamorphic rocks 
according to their origin. This, however, is impracticable; hence 
tbe simplest plan to adopt is to classify them according to their 
degree of alteration, as ' Altered Rocks' and * Distinctly Foliated 
Rocks.' 

Altsrep Rocks 

Quartzite (c/. under ' Arenaceous Rocks ’} may be a sandstone 
which, by the depodt of crystalline quarts between its grains, has 
been compacted into a solid quaiU-rock—its conversion being 
sometimes the work of percolating water under ordinary conditioxis ; 
or it may be a sandstone baked by intrusive igneous rock, or it may 
have been crushed and altered by folding movements and heat. 

Quartzite must be distinguished from ' quartz-rock' or massive 
quarts. The latter usually occurs in vuos and coarse irregular 
quartz crystals which interlock. Quartzites are often jointed, show 
agns of bedding, and appear granular under the lens—the grains 
being embedded in a siJic^us cement which is characteiistic. Tbe 
surface shows a more or less vitreous lustre. The colour is usually 
pale grey, and is yellowish or brownish along the joint-planes. 
Fracture irregular to conchoidal. Specific gravity, 2*67. 

In quartzites which have been crushed by folding movements 
the grains are often distorted, and the quartz consists, in large part, 
of a mosaic of smaU crystalline fragments of irregular shape with 
interlocking margins; these are called 'sheared quarisiUs.' and. 
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when they coctain white mic& m parallel crystalline flakes, they 
became more flssile and pass into quarU-schisU 

Lydian stone (lydite, basanite) is a velvet-biack flinty jasper, 
but much black chert (c/. under ' Siliceous Rocks ' above) is called 
Lydian stone, as are some varieties of porcellanite. 

Fcrcellanite is a vitreous rock composed of metamorphosed clay 
and resembling porcelain. It is also called porulain^asper. especi¬ 
ally when of a red colour. Baksd shaU, which is common as an 
alteration product along the edges of dykes, and has become hard, 
cannot be scratched with a knife, and is like dull porcelain, is also 
known as * porceUanite.' 

Spotted shale is shale full of dark spots or patches due to contact 
with a dyke. Garnets may be present. 

Slate is the typical cleaved rock, since only flne-grained masses, in 
which the minute constituents are plate-like or acdcuJar in character, 
can develop the structure with su<^ perfection. The stratiflcation, 
shown by ' stripes ' of a different grain or colour, must be sought 
for in the field, since cleavage and Uminaticn rarely correspond. 
The common colours of slate are blue-black, purplish, and greenish. 
'When the cleavage planes of slates are so crowded with micaceous 
flakes as to present a silvery' sheen ’ It is known as ^pfiyUiie ; when 
it is distinctly cr}%talline and micaceous throughout it is termed a 
tnka^laU. The two latter varieties graduate into the typically 
metamorpbic rock, 

* Crystalline limestone is in general stratified; it ^e^uently 
alternates with gneiss and mica-schist, and sometimes retains 
argillaceous partir^; it was therefore a water-formed deposit. 
Its state of granular or saccbaroid crystallisation is due to changes 
developed since its depositiqn, and partly ocx:asioned by the action 
of heat on contained water: ehi<t change is more obvious in the 
deeper-seated than in the newer calcareous deposits. 

' The beds of crystalline limestone, whether distinctly stratified 
or not, are in general detached and limited, and so entirely enveloped 
in gneiss and mica-slate as to form but subordinate members of 
those widespread rocks. 

* Though crystalline limestone is a simple rock, its aspect admits 
of many variations from unequal admixture with other mineral 
substances. Of these the most frequent are mica, talc, and steatite, 
the latter of which often communicates a green or mottled colour 
to the whole rock.’ ^ 

I Phillips Manual <if Ctclogy. Part I, H. C. Saeley, pp. 377-S. 
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Those crystalliDe limestones which aie suitable for ornamental 
architecture are termed snarbUs, and many marbles are rocks of 
this kind, which owe their crystalline character to alteration by 
intrusive masses; still, there are also many in which the crystalline 
structure is not due to this cause. The term marble is, however, 
very loosely employed, and roay be generally taken to sigsify any 
rock which takes a good polish and is employed for decorative or 
architectural purposes. 

Seipentise rock is an altered form of peridotite, massive and 
compact, yellow-green, dark green, purple, or red in colour, and full 
of veins often of a different colour from that of the mass. It has a 
soapy fracture and is easily cut with the knife. Some rocks called 
serpentine are really serpentinous limestones, while others are 
serpectinous schists. 

Distinctly Foliated Rocks 

Classification. FoliaHcm has been described in Chapter IV, 
Section in. When a foliated rock is fine-grained in texture and 
divides with ease into sheets, it is termed a schisi; when it is 
granitoid in texture and the foliation is coarser, it is termed a 
gnHss. 

Schists and gneisses may be altered sediments or altered igneous 
masses, or again may be due to original flow and not to metamorphic 
action. 

In schists, the fioliatioD is but little interfered with by large 
crystals, while the gneisses contain compact bands or knots of ciysteds 
of felspar, quarts, etc., and, owing to the coarseness of the foliation, 
do not split so readily as schists. 

Gneiss. This name is now generally applied to all foliated hol^ 
crystalline rocks having a granitoid texture. The chief varieties 
are named accx>rdii)g to their mineralogical composition, as augite- 
gnaUs, biotite-gneiss, homeblendic gneiss, etc. 

* The c<fmp(meni minerals of gneiss and granite are the same- 
quartz, felspar, and mica. They are mixed with the like accidents 
and permutations, and occasional admixture of other minerals, and 
are subject in both rocks to the same extreme variation in size. 
But these rocks differ in the mode of arrangement among their 
constituent minerals. The ingredients of granite are so connected 
together by contemporaneous or nearly contemporaneous crystaliisa- 
tioo, that one mineral penetrates and is intimately united with 
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another; and we are compelled to conclude that they were not 
accumulated in distinct crystals ready formed, but that the minerals 
never had a separate existence aa s^ds until their difierent geo¬ 
metric forms were slowly developed by cr3'stallisation. Gneias 
almost always suggests, by some degree of imperfection of the 
edges and angles of the quarts and felspar, and much more decidedly 
by the laminar arrangement of the mica and consequent minute 
foliation of the rock, that its materials, ready-made and crystallised, 
were brought together and arranged by water. 

' Gneiss is essentially a mass of quartz and felspar, foliated with 
thin films of mica which are sometiines exposed by fracture. As in 
granite, the felspar is usually orthodase, but oligoclase is sometimes 
assodated with the orthocl^. though oligoclase is more frequent 
in homblende'gneiss and proh^ene'gneiss; there are varieties of 
gneiss in which orthodase is the only felspar. Occasionally albite 
ia associated with orthodase. Orthodase varies in colour in gneiss 
quite as much as in granite, and is sometiines found in porphyritic 
cr3^tals. The quartz occurs either in grains or small lenticular 
plates made up of many crystals united together, The mica may 
be either pot^ mica or magna^a mica, and occasionally both 
micas are found in the same rock. Sometimes the mica surrounds 
the crystals of felspar, giving that mineral a lenticular form. Horn¬ 
blende is an important constituent in many gneisses of the West of 
Scotland, and chlorite and talc are found in some gneisses of Scot¬ 
land, so that gndss has often been divided into mica-gneiss, 
hornblende-gneiss, and chlorite gneiss. 

* Slnulitre. Gneiss varies in structure with the condition of the 
mica. In the common type mic^ is found in separate laming, 
dividing the felspar and quarts. But when the foliated structure 
is indistinct, owing to the imperfect continuity of the mica films, 
the rock is termed granitic gneiss and makes a transition to granite. 
On the other band, the mica may be so abundant as to isolate the 
quartz and felspar in lenticular masses ; and in section this condition 
gives a delicate, veined aspect to the rock. Sometimes the mica 
shows parallelism, giving the folia of the rock as regular an aspect 
as exogenous growth in wood ; and this condition fiirther developed 
imparts a platey cleavage to the gneiss.' ^ 

hlica-schisC. M*nsral constiiu^ts. ' The kind of mica in mica* 
^ist varies with the locality. In the St Gothard the soda mica 
paragonite is found. In some localities the yellowish-white potash 
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mica is rich in water, and forms the spedfts AwK>«r»/#- The colours 
of the mica vaiy, but dark magnesia mica is most common. This 
mijierai determines the colour of the schist, which is grey, or greenish 
grey, or yellow*giey, or may be brownish blac k . 

‘The quartz occurs in grains, scattered between paraUel layers 
of mica scales. As the quantity of quartz increases, the grains 
become large, flattened lenticular plates, among which films of mica 
are difiused. Occasionaily the quartz becomes so abundant as to 
be only separated into layers by thin films of finely divided mica, 
and such varieties make a transition to quartzite. The varieties 
which are poorest in quartz always have small grains of quartz 
enveloped in the laminre of mica. The varieties of structure are 
gmiiftr to those of gneiss; but the crumpled wavy structure is one 
of its most typical modifications. ‘ * 

Chlorite-schist. Much less common than mica-schist. Generally 
fine-grained. The dark green colour is distinctive, and there are 
blackisb-green scales on the foliation planes. It is soft and soapy. 

Talc-schist is still more rare. It is generally light-coloured, pale 
green or white with pearly lustre. Soapy, and hardness is only i. 

P<ftston 4 , the tajns oUaris of the ancients, is a massive variety of 
talo>scbist, composed of a finely felted aggregate of scales of talc, 
with chlorite and serpentine. It is also known as indwaUd talc or 
tak-slsu. 

Homblsude*schist is very coounon. It is usually greenish black, 
showing the peculiar lustre of hornblende—quite different from 
dark mica-schist. 

AmphiMiU. A rock consisting chiefly of amphibole and usually, 
but not always, having a foliated structure, is con^dered by some 
writers to be identical with hornblende-schist. 

Epiiiorile is practically a hornblende-schist, consisting essentially 
of hornblende and felspar, often with epidote, garnet, and sphene, 
quartz or blotite, and usually foliated. Being tough and bard, is 
well suited for roads. 

Calc-schist is a schistose limestone with accessory silicates, which 
form lustrous specks on the foUation planes. 

Oranulite. A fine-grained, banded metamorphic rook {cf. under 
'Granite,' Section I), chiefly composed of quarts and felspar and 
allied to gneiss, but less well-foliated and finer-grained. Trap 
^raiwUtc is a black, fine-ground rock with red spots of garnet, 
generally accompanying gabbro and serpentine. 

\ FliiJlips: ef Gtclcgy. Part 1. H. C. Saeley, p. 375. 



ROCKS 


8d 

Horufels- A fine-fraiced, hard, splintery, often tcnAgh and 
durable rock, consUting of {a) biotite-hornfels derived from saad- 
stoae» shale, and slate, dark brown to black, with a velvety lustre 
due to small scales of black mica; (6) calc-silicate-homfela deiived 
from limestone, white, yellow, pale green, and Uowa ; (c) derived 
from andesite, basalt, or diabase, green and dark green in colour. 

Eclogite is akin to giaucophane'eebist, one of the amphibole 
schists- It conasts of bright green pyroxene or amphibole with 
garnet, and often has a schistose structure. 

Flaser-gneiss (fiaser-gabbro, etc.). Igneous or gneissic rocks which 
have been subjected to earth pressure, with the result that the 
constituents become separated from each other by finer crystalline 
material. 

Augen-gneiss (augen-gabbro, augen-schist, etc.). Igneous or meta- 
morphic rocks showing ' eyes' or incluaons of crystals, etc,, set in 
a finer crystalline and foliated ground-mass, 

SECTION Vf. ZtOCE DECOMPOSITION 

We have seen in Chapter I, Section I (wd# ' Agencies'), that 
the action of atmospheric and chemical processes on rocks and 
minerals has a disintegrating efiect which is termed wiotkmnq. 
and in same chapter, ' Work of Life') that this efiect is 
increased or diminished by the action of plants and animals. 

If we examine a pebble or piece of rock which has lain exposed on 
the ground for a long time, or if we examine the stones of ancient 
monuments, buildings, or walls, probably we shall see that their 
outer surface is decayed. If the decay is not evident to the naked 
eye, it will be made manifest by scratching the pebble or stone 
with a knife ; and if we break it, we shall find the inside harder than 
the outade. Every such pebble or piece of stone is, in fact, under¬ 
going decay or disintegration owing to the action of atmospheric 
and other agencies. 

The amount of disintegration is partly dependent on the size of 
the fragment, partly on climate—particularly in regard to ranges 
of temperature, amount of moisture, height above aea-level, and 
exposure to prevailing winds. 

The attack of atmospheric forces is assisted by grtsviUtiitm where 
the slopes are steep euoi^h to cause the pebbles and fragments 
to roll down and clash together. 

Li0}iin%n§ striking upon the dry rocks of the moimtain peaks 
often efiects a considerable rending of their masses. 
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Decaying vegetation increases the supply of caibozdc add and 
thereby adds to the effect of the water. The roots of trees are 
also aieats of g;reat power acting with all the energy of wedges 
to drive the straes asunder (see Chapter 1 , Section I, ‘ Work of 
life ’). The surface soil may both assist and retard the process of 
decay. It retains moisture, especially when covered with lichens 
and mosses, and keeps the subsoil or rock damp long after rain has 
fallen. On the other hand, the soil impedes the erosion of decayed 
matter and thus prevents a fresh surface from being exposed to the 
weather. 

Atmospheric decay. Dry air, as mentioned in Chapter I, 
Section I, has very little chemical effect on rocks or minerals, but 
moist ail is far more potent, and very few rocks can stand continued 
exposure to it. They may gradually decay, their constituents 
beexoning decomposed, or they may break up without any such 
decompositloQ. The action of moist air is greatly accele r ated when 
condensed in the form of rain or dew. 

Water. The effect of rain is described in Chapter I, Section I, 
and the effect of underground water in the same chapter and 
section. Ordinary water cannot dissolve more than one fifty- 
thousandth part of its bulk of carbonate of HTtift or marble, while 
if charged with carbonic add it can dissolve one-thousandth part 
of its bulk of the same material. 

The disintegrating effect of rain-water depends on the duration 
of the rain and the nature of the rock-surface. A smooth rock, 
free from pores and cracks, will throw off the water and be but little 
affected, but a rock with a rough surface, especially if there are 
cracks and crevices in it, will be more readily acted upon. 

Joints. All rocks are penetrated by joints which originally are 
only indpient lines of fracture, but capilhuy attraction draws water 
into them with great energy and this tends to disrupt the rock. 

Frost. When, however, the water in the joints becomes frosen 
it may expand and act like an explosive to rend the rocks, and the 
joints thus opened become filled with small bits of the rock and 
cannot dose together again. 

HeaL Surface disintegratioa proceeds comparatively rapidly 
when rocks which have been saturated with moisture are exposed 
to the action of a warm sun. 

Chemical Decay. The joint lines are also the channels by which 
ordinary chemical decay penetrates into rocks. 

Oxidation. As most rocks consist of compounds of silica with 
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alumina, lime, potasb, sCMla, iron, and manganese, which easily 
combine with oxygen, disintegration by oxidation is common. 
Where protoxide of iron is present, it readily absorbs oxygen ih>m 
the air and forms peroxide. If the iron be in the form of pyrite or 
magnetite, it may become oxidised and disrupt the mass. Felspar 
may be converted into kaolin and expand. Basalt when exposed 
to the air becomes covered with a brown crust consisting largely of 
oxide of iron. 

CarhonaHon. Water which is impregnated with carbonic add 
decomposes all rocks containing alkalies, and then dissolves a 
portion of the alkaline carbonates. 

Since water dissolves carbonate of lime with comparative ease, a 
limestone in course of time may be entirely dissolved except in 
respect of the clay or other impurities it contains. In calcareous 
sandstones the cement of carbonate of lime may be dissolved and 
the rock disintegrated. 

As water containing carbon dioxide decomposes febpar, granite 
may become a mass of clay with quarts and mica scattered thro^igh 
it, and thus eventually may be easily washed away. 

Gomposidon and Texture of Rocks. The process of disintegra¬ 
tion is, however, chiefly governed by the compo»tion and texture 
of the rocks. Those rocks the constituents of which are not liable 
to much chemical change under the influence of moisture are best 
suited to re^t weathering, provided that their cohesive properties 
are sufficient to withstand mechanical disintegration. 

SUiceoits rocks. Rocks consisting mainly or entirely of silica 
are the least liable to chemical change of all kinds of rock. SUica 
in the form of crystalline quartz is practically unailected by water 
containing adds. Silica in its non-crystalline form is slightly 
soluble. 

Calcareous rocks if pure are easily dissolved, but if full of impurities 
the latter forms a more or less insoluble weathered crust; similarly, 
if they contain organic fossils the latter wiU stand out in relief, as 
the cxystaUine texture of the fossils resists disintegratioD better 
than the mechanically aggregated matrix of the rock- 

Many rocks weather with a thick crust or even decay for several 
feet from the surface, granite (see below). 

Ighsous Rocks 

' The igneous and metamorphic rocks conast in greater part of 
various silicates which are largely subject to external atmospheric 
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uifltiences. In consequeoce of this, these rocks, hard aiid seemingly 
indestnictibie as they generally are in the unaltered state, are liable 
to decompose and disintegrate into soft aod yielding masses. 
As the sedunentary strata are traceable back to the antecedent 
igneous rocks—these changes in the structure of the latter bear 
upon the composition of the former. The insoluble essential bases 
of both are alike—only that in the sedimentary rocks they exist free, 
and in the igneous rocks are usually combined. All the rocks of 
igneous origin consist of silica, sometimes free (quarts), but more 
generally in combination with the various earths and alkalies, and 
a few metallic oxides, forming with them a variety of silicates, 
amongst which the felspars very largely predominate. 

* Felspars are essentially double silicates of alumina, and of the 
alkalies and alkaline earths. They contain more or less potash or 
soda, and form more or less stable compounds in proportion to the 
quantity and nature of the alkalies present. Their composition 
varies in consequence of the bases being liable to be in part re¬ 
placed by one another; the three geologically more important 
varieties contain silica, alumina, potash, soda, and Hme in variable 
proportions. 

' Felspar is unable to resist the solvent action of water when 
saturated with carbonic add 

Formation of kaoUn. ‘ Exposed to the action of the weather, the 
felspars of the hardest granites, and of the analogous crystalline 
rocks, are, under certain conditions, decomposed by the carbonic 
add in the rdn- and surface-waters,^ forming, with the lim^ and 
alkalies present, carbonates which, being readily soluble, are, with 
probably some alkaline silicates, removed wholly or in greater part 
by the water; while the silica set free remains mostly as an im¬ 
palpable powder, The combination of silica and alumina, on the 
other band, being entirely insoluble, remains combined with a 
p)ortion of water which is taken up during the change, and the 
resultant is a white mealy powder, unctuous and plastic in water. 
This is a hydrated riHcate of alumina, or kaolin (china-clay). This 
change shows the loss of a portion of the silica and of all the alkalies; 
while the whole of the alumina, in combination with the other 
portion of the silica, remains as an insoluble residue, holding a 
definite proportion of combined water. But, as there generally 
remain some portions of imdecomposed felspar and a variable 

* Ox by SDbtemaeaQ agencies, heated vapotm canyii^ flaorUie and 
beroD, or by eolvtioa of cazbooic add acting from below. 
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quantity of free sOica, the actual composition in nature varies within 
certain limits, 

' Origin of days. Almost all the china-clays contain, with a 
definite hydrated silicate representing the typical kaolin, small 
portions of the other elements present in the original rod:. This 
kaolin is the basis of all clays; and where the decomposed rock 
contains foreigii elements, the show correspondingly varied 
composition. Granite and its ally pegmatite furnish the purest 
kaolins . Kaolin is also obtained from decomposed porphyries and 
gneisses.* ^ 

Gays may also be formed from syenite and greenstone. Gays 
formed fcom the disintegration of felspars containing potash are frW 
fium lime; those formed from labradorite, which is the principal 
component of lava and basalt, contain lime and soda. 

Decomposition of other Silicates. * The decomposition is not 
limited to the felspars. It equally afiecU the other silicates which 
enter so largely into the competition of the more basic igneous rocks, 
ag. hornblende, augite. olivine; and as in these rocks free quartz 
is generally absent, the whole mass disintegrates and decomposes. 
These rocks furnish by their decomposition not only kaolin, together 
with lime and magnesia, but also a large proportion of the peroxide 
of iron resulting from the peroxidation and hydration of the pro¬ 
toxide ; while a hydrated silicate of the protoxide of iron is formed 
as another product of the alteration of the hornblendes and 
augites. It is in this way that the widely disseminated iron- 
peroxides and glauconite (^cate of iron) have originated, 

' It is owing to the presence of these complex silicates contain¬ 
ing lime magnetia, that the metallic oxides and diorite, diabase, 
meUphyre, and other basic rocks generally decompose into green 
and brown clays. Great bodies of these rocks are also converted 
into masses of soft and decayed rock, of grey-green, red, or brown 
colours, formerly known under the general name of " wacke." At 
Robschutz in Saxony a decomposed diorite is worked as a fuUeris- 
earth, and near Florence a decomposed variety of gabbro is worked 
as a fireclay. 

' Sfrpeniiiu~HtS6l£ an altered rock—is not initequently more 
completely decomposed and changed into m^esian clays, some¬ 
times white and at other times coloured. Some of these clays 
contain as much as 33 per cent, of magnesia. 

^ Joseph Prestwlcb: Ceohgy. C/umUai. and StratigrapMcaJ, vol. i, 

PP« 47 - 4 ^' 
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‘ BasaUic rocks. The elteratfon in the felspathic bases is very 
noticeable, and as these rocks, like the older greenstones, contain 
silicates with metallic oxides, they only furnish very impure clays. 

' Other basic volcanic rocks, such as doleriU, andssiU, etc., are 
also liable to decompose; and so also in a less degree are the 
trachytic lavas and scoriie. The vitreous laS^ are less liable to 
decompose. 

' Ordinary clays are not generally derived direct from the parent 
igneous rock, but are reconstructed, especially in the later deposits, 
horn older day beds.' ^ 

Origin of QuarUcse Sands and Sandstones. ' Granites (see 
Section I] consist of a more or less intimate mixture of quarts and 
felspar, in proportions varying, on the average, from 40 to 50 per 
cent, of each, with 5 to 10 per cent, of mica. The quart* forms a 
crystalline matrix, which, as the felspar decomposes, breaks up in 
fine-grained granites into gralos generally of small size; or, if it be 
of coarser grain, then into larger fragments. As decomposition goes 
on the whole rock loses its coherence; and, on the removal of the 
decomposed soft parts, crumbles down into a grit or gravel of quartz, 
with flakes of the mica. These being comparatively indestructible, 
the only further chai^ they undergo is through wear, by which 
their angles are gradually rounded off and the size of the grains 
reduced. This takes place on shore-lines, by tid^ and wave-action 
(see Chapter I, Section I). The result is the production of a 
fine qoartzose, and more or less micaceous sand, such as may be 
seen in the many beautiful small bays on the coast of the Land's 
End. All the soft and soluble ingredients of the decomposed 
silicates have disappeared, and a simple residue of micaceous 
quartzose sand, with some amorphous matter, remains. ^Vhen, 
however, as not infrequently happens, portions of the felspar resist 
decomposition, the sand becomes further mixed with a proportion 
of felspathic debris. It is from this source that the materials of 
the various quartzose, micaceous, and felspathic sandstones of the 
sedimentary strata have been chiefy derived. As in the case of 
the argillaceous strata, such sandstones are not always derived 
directly from the crystallise rocks, but are constantly rcconsirucisd 
by denudation from the earlier sedimentary strata of the same class. 
In these reconstructions the only change which is effected is a 
greater amount of wear of the sand, and the gradual removal 

» Joseph Presbrich; (Moicgy, Chicot. Physicat. and S/rah'ffgfiAicot, vol. i, 
pp. 4»-5«* 
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of all traces of felspar, which yields ultimately to the succ^ve 
changes.^ 

Extent of Disintegration. 'The decomposition of graniU is not 
confined to the surface, but extends to considerable depths. The 
process of decay is very variable, depending on the nature of the 
felspar, and upon climatic temperature and humidity. Moisture, 
or even a damp condition, is the great element in effecting decom¬ 
position, but the influence of cold is important. Thus, while the 
granite monuments of Egypt have remained unaltered for ages, the 
recent monuments of 5 t Petersburg already show symptoms of 
decay. Again, in this country, some of the Cornish and Welsh 
granites (Lamoma, Penryu, etc.) furnish solid and enduring materiab 
for our public moniunents, while others (St Austell, etc.) are so 
decomposed as to form a mass of quartz grit and white day (kaolin) 
that can be read£y removed with pickaxe and spade. 

* Over large tracts in Cornwall, France, Spain, India, Central 
Asia, and elsewhere the granite is thoroughly disintegrated. The 
depth to which decomposition extends is, however, very variable ; 
sometimes to a few feet, at others to more than loo feet. The 
decay is also irregular, some parts of the same granite resisting 
decomposition more than others. Hence the formation of granite 
blocks and " tors" (see Chapter I, Section I). 

* Graphic graniU is very liable to decompose. At Itsasson, near 
Bayonne, this rock is decayed to a depth exceeding 150 feet, and 
horizontally on the side the hill for a distance of more than 
zoo feet. It forms a very fine white kaolin with free quartz. 

' Some gHetrsss are also extensively decomposed, fonning kaolin 
clays more or less pure; this is of common occurrence in Central 
France. Arovmd Rio de Janeiro the gneiss has decomposed into a 
reddish clay from a few inches to 100 feet deep. In the Pyrenees 
the dismtegration extends to depths of 40 to 50 feet or more. 

’ The sycMiis diortits of Guernsey and Jersey, accordiz^ to 
Professor Ansted, are disintegrated in places to a depth of 50 feet 
or more ; and he states that a considerable part of the north of the 
island of Alderney consists of a thick bed of sand and fine gravel 
with boulders, the whole mass being derived from the decomposition 
of the greenstone rock in 

' The ophite (diorite) of the Pyrenees is disintegrated generally 
into a bi^ht brown argillaceous mass with concentric nodules or 

* Joseph Preetwleh: GecUigy. PhyaU^, ani. Slraiifrap'kicaX. vol. 1. 

PP- 5+“55. 
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sub&ngiilar Uocks of the unaltered rock remaining in sUu, and to 
such a depth that the unaltered rock rarely shows in the pita or 
railway sections, which axe 30 to 40 feet deep. This rock is of 
Late Cretaceous and Miocene 

' Serpentine is sometimes decomposed to a considerable depth. 
This is frequent in Korthem Italy. In addition to the fonoation 
of unctuous clays, the change sets &ee carbonate of magnesia and 
silica, which are deposited in veins traversing the altered rock. 

* BoioiHc rocks are decomposed often to great depths, and 
generally give rise to impure ferruginous clay, although at times 
the iron has been so Us removed as to leave a Hght-coloured 
clay. The grains of tltaniferous iron which may be present rem^ 
unaltered.' * 

Dykes are much liable to attack by sea‘water. In the Isle of 
Man dykes may be seen which are more afected by this agency 
than the surrounding limestone. 

Lcieriie and Pala^cmUe, which are rocks of considerable local 
importance, are mei^ weathered and altered ^rm$ of volcanic 
rock. 

LaieriU is a red ferrughious porous day, covering vast areas in 
some tropical countries—often consolidated into rock which is used 
locally for buildings reads. It is chiefly composed of alumina 
and iron oxide with some manganese and titanium at times, and is 
formed from weathering action on basaltic and other lavas. 

Pala^mUte is a yellow or brown rock of vitreous structure and 
resinota lustre, composed of more or less perfectly cemented partides 
of basic volcanic glass. 

' The schisUse rocks are also subject to change. A talcose schist 
in the neighbourhood of Pau and B^n^res is so altered that the 
disintegrated mass is worked as a marl for manure. Other schistose 
rocks have been found to pass into an impure fuUer'S'Carth.’ ^ 

Sedikbntaey Strata 

Although productive of infinitely less actual decomposition, 
changes in the sedimentary strata, due to the influence of air and 
moisture, are nevertheless of importance from the differences they 
often produce in the aspect of the strata, the deceptive appearances 
to which they give rise, and the extent of the original decaldflcation. 

Most of the sandstones contain silicates with alkaline base, and 

> Joseph Prestwieh: Giology, FhyHcal. sn(2 SiraH^apkietU, vol. i, 

PP. 55-59' 



ROCKS 91 

in the sandstones of the Holy Mountain, near Heidelberg, fragments 
of felspar are observed partly changed into clay, and visible as white 
points in the sandstone. 

Alteration of Colour. ‘ Rocks oiiginally grey, or blue, are 
changed to light ^ow, red, or brown. Oduious and even blackish 
beds become white, and dark greens pass into browns and reds. 
These changes are due to the oxidisation of the metallic bases by 
air and moisture, and to deoxidisation by organic matter (see 
Chapter I, Section I). Thus some of the grey argillaceous lime¬ 
stones or marls of the Lias, or of the Kimmeridge, and gimnar 
argillo-calcaieous strata, which imbibe small portions of water, 
become light yellow or brown for some distance the lines of 
joint and bedding. Sometimes the whole mass is bleached ; but 
more A^uently central dark cores are lefL This alteration is due 
to the dfcumatance that almost all these argillaceous limestones 
owe their bluish*grey colour to the presence of a small quantity of 
bisu^phid^ of iron (iron-pyrites), or of some carbonaceous matter. 
The former, when exposed to the action of air and moisture, is 
decomposed and chan^ by oxidisation of the sulphur and iron 
into the sulphate of the protoxide of iron; and this in its turn is 
decomposed, the add uniting with some of the earthy or alkaline 
bases present, and the protoxide pasting into a hydrated peroxide. 
The rock consequently loses the dark colou due to the ordinal 
p^ment, and retains only the slight tinge due to the presence of the 
iron-peroxide. 

* When the colouring ia due to orgA^tic or carbonaceous matter 
alone, the alteration is e^ted by the slow oxidisation of the 
organic matter by the air and moisture. The o^:anic colouring 
matter is thus often completely destroyed, while the resulting 
carbonic add is carried ofi by the permeating waters, either alone 
or in combination as a carbonate of some substance. 

' Fritstoms. This alteration, owing generally to the greater 
permeability of the oolitic and other freestones, extends in them 
to a greater depth than in the more compact rocks. In these it 
has generally removed the colour of the whole mass of the strata 
above the line of permanent water-saturation (see Chapter Vll). 
and it is not until a depth considerably below the surfece is 
reached that the rock is found to ret^n the grey colour it 
originally bad. 

' Grun rocks. The presence of minerals with a base of iron- 
protoxide, as glauconite, gives some rocks a deep bright green 
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colour. On exposure, the silicate of iron is decomposed, the silica 
being set free, and the iron, taking up a farther portion of oxygen 
and water, is converted into a hydrated peroxide. Consequently, 
the rock loses its green colour, and passes to yellowish brown or 
ferruginous. This action is very marked on the surface of the 
calcareous iion-ore of the marlstone of the Lias ; and the brown 
colour of some of the oolitic iron-ores may, owing to the permea¬ 
bility of the strata and the consequent influence of the surface 
Nvaters at depths, be due to a change of nature. Some of the 
fossUiferous ixon-sandstones of the Lower Tertiary strata of Kent 
are not improbably decomposed green-sandstones, and possibly 
some portions of the Red Crag were deposited originally as green 
glauconiferous sands. 

' AfgiUaG 40 Hi straUi, such as the London Clay, Kimmeridge Clay, 
and the Oxford Gay. generally contain concretions and shell-casts 
of iron-pyrites which, when exposed to the air, decompose and 
form an efflorescence of the sulphate of iron, which ultimately 
passes into the brown hydrated oxide It is to the decomposition 
of another small portion of iron-sulpbide dispersed through beds 
of this class that is due the change which conunooly takes place 
in the London and other of these days, from dark bluish grey at 
depths to a light burnt-umber-brown near the surface—a change 
which often extends to some depth. 

‘ Deoxidiioiion. On the other hand, the influence of vegetable 
matter in eflecting deoxidisation is very marked, as shown in the 
case of a piece of lignite found in the London Gay around which 
the iron was deondised and the clay changed from a dark brown 
to a light fawn colour. 

’ BlMchti gravels. A change of another kind takes place in 
iron-stained superfleial gravels, such as are common in the neighbour¬ 
hood of London and in the Hampshire Tertiary area. These 
gravels have a bright ochreous colour, caused by the presence of a 
small quantity of the peroxide of iron. When they form, as is 
often the case, moors and commoxis covered with heath, or here 
and there coated with a thin layer of peat, the organic matter 
carried down by the rain-water reduces the iron-salt from a peroxide 
to a protoxide, which the free carbonic arid present converts into 
a carbonate: and this salt, being soluble, is removed by the «Tr.<. 
surface-waters, leavii^ the upper part of the gravel colourless 
and often quite white. Or it may sometimes be that the humic 
acid in the soU removes the iron as a soluble hamate. The yellow 
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staining of the flints is also removed, and they then present a 
bleached and white surface.' ^ 
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PART II 


GEOLOGICAL OBSERVATION 

In the practical application of geology to engineering, which is the 
subject of the concluding and major portion of this book, it is 
important that the geological factors should be based on the most 
reliable data. 

In many places geological maps and descriptions can be referred 
to and will serve as a general guide, but whether they are available 
or not, the engineer must make his own observations, as local 
knowle<^e is essential in all engineering work. 

Geological observation may be divided into (<*) Outdoor Work or 
Field Geology, and (i) Indoor Work. As stated in the Introduction, 
the engineer is advised to leave indoor work to an expert. 1110 
method of collecting spedmens Is described in Section III of the 
following chapter, and should be adopted when collecting spedmens 
for analysis or other kind of examination. 





CHAPTER VI 
FIELD GEOLOGY 

Azx g:eologicaI observation must be carried on in the most accurate 
and careful manner possible. Every fact which throws light on the 
area observed must be carefully noted and the record must be full 
and accurate. The observer ^ould train himself not to jump to 
conclusions, but to view every bit of evidence with regard to the 
nature and structure of the rocks which arc concealed from view, 
and must learn to interpret rightly such facts as are patent, without 
minimising their value or too greatly exaggeratir^ it. 

SECTION I. GEOLOGICAL SURVEYING 

Most engineers have been trained in ordinary land surveying, 
either for civil or military purposes, and should therefore be able 
to attain proficiency in geological surveying very readily. But 
before undertaking such work they must have some knowledge of 
the first principles of geology. While the summary given in Part I 
should suffice for a start, they will do well to eluci<Hte any doubtful 
points by reference to one of the standard teKt^books. 

Frelimmaiy Study. Before going into the field it is necessary 
to endeavour to locate the stratigraphical formations likely to be 
encountered. Geological maps and sections of most parts of the 
world where the engineer is Ukely to go axe generally available, 
and with the aid of these a preliminary study of the district where 
work is to be done can be made. 

A geological plan consists of a plan or plans of the surface features, 
in which are shown the boundary lines of each bed or stratum 
e^:posed in the area, and as much information as possible with 
regard to the structural characters of the district. It may be 
necessary to prepare two or more plans of the same area in order to 
show the various fomatioDs. 

A geological secdon not only gives the outline of the surface 
features, but also the geological formations and structural char¬ 
acters as far as they can be traced, t.g. dips, faults, thickness of 
strata, unconformabUity, curvature, etc. 
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To a certain extent a g:eolo^cal section must be considered an 
ideal one, inasmuch as some of the details of what is below the 
surface of the ground must remain uncertain; but the indications 
obtained in the process of g:eologicai surveying will afford a 
suBciently accurate basis for filling in the details of the section. 
It will often be necessary to prepare several sections in different 
directions across a given area. 

1 % ord^r to gain ^epgrigTtu in observation in ihe it is a good 
plan to go over some area for which accurate geological plans and 
sections are available. A dehnite section line should be followed 
across country and observations made and recorded, and subse- 
<^uently compared with the plan and section. At first many 
indications which an experienced field geol<^st would note may 
be missed, but by comparing one HCtion with another it will be 
possible to follow out the reasoning by which the recorded map and 
section were established. 

Fossils. The most important guide to the identification of 
formations is Paleontology, or the study of fossils. Every formation 
has its corresponding fossils. 

Since, however, space does not admit of a chapter on this fascinat¬ 
ing subject, the engineer must have recourse to the standard works 
on the subject. 

Equipment. After providii^ himself with the best available 
geological maps and sections, and if possible a list of fossils to be 
looked for. the engineer must go out into the field and make his 
own observations. For this purpose a certain amount of eptipmsni 
is essential, 6 .g. a hammer with chisel end, compass, clinometer, 
Abney's level, pocket-lens, bag and belt, tape-measure, and note¬ 
book. In other words, the engineer should add a geological hammer 
to bis usual survey outfit. A good topographical map is essential. 

Observations to be made are as follows:— 

I. To trace the geological structure, with a view to identifying 
the formation, noting the following 

(e) Boundary lines, nature and thickness of all strata or groups 
of strata; curvatures, important joints, faults, etc. 

(^) Position of igneous rocks, intrusions, dykes, lodes, coal- 
seama, and mineral deposits, as well as contacts between 
igneous and sedimentary rocks. 

(c) Boundaries of metamorphic rocks, recording nature of meta¬ 
morphism, amount of alteration, etc. 
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!I. To determine the nature of the rocks, cotiDg age, mode of 
occurrence, compoation, and description of clays, stones, ores, etc. 


PbELIHIWAXV R£COlfKAISSA^^CE 

Preparation of Plan. Having secured, or made, a topographical 
plan of the area, in which the surface features are shown by contour 
lines or hachurii^, it tiiould be used for recording geological 
observations. 

A tracing of the portion of ground over which observations can 
be made in a day or two should be fixed on a piece of cardboard 
with gum, etc., along the edges. The observations made in the 
field should be entered on the tracing, and transferred to the plan 
at the end of each day's work. 

Contcnis and Boundary Lines. The boundary lines of each bed 
or stratum exposed in iht area must be entered on the tracing. 
These boundaj^ lines are the lines where the lower margins of the 
strata cut the surface of the earth, and the boundary line of any 
given stratum coincides with the outcrop of the stratum below it. 

The relation of the boundary of strata to contour lines is as 
follows 

(1) When the strata are horizontal, the boundary lines coincide 
with the contours. This is obvious. 

(2) When the strata dip towards a hill, the boundary lines are 
less winding than the contours. 

The truth of this can be seen if we imagine the dip increased until 
the strata are vertical, for the boundary lines would then become 
parallel straight lines. 

(3} When the strata dip away from a hill, the boundary lines are 
more winding than the contours. 

This is true so long as the dip is less than the slope of the hiU, 
but if it is greater, the boundary lines wind in a reverse way to the 
contours. 

When tracing boundary Uncs, the observer should first look for 
any natural sections or artificial exposures such as clifis, quarries, 
road and railway cuttings, etc., and selecting these as his principal 
points, he will locate them on his map and then make a traverse of 
the intervening country, noting all the geological features. 

Preliminary Traverses. In makii^ such traverses, all the main 
streams and tributaries should be followed, as well as salients, 
ridges, and escarpments. Roads, paths, and other lines which 
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divide the area aboidd also be followed ; if there is a coast-line it 
should be traversed. In working along these lines the ground on 
either side should be examined, so that the whole area will be 
covered. 

When there is little change of surface feature, the boundary lines 
will be found higher up than would be expected, owing to the soil 
and rocks moving down to a lower level. 

The points to be noted in making traverses are general indications 
of the geological structure and nature of the rocks, as particularised 
in the introductory remarks to this section. 

It is all a matter of experience, and the beginner cannot expect 
to recognise at hrst all the indications which an experienced field 
geologist would note. In obscure country such as marsh, moors, 
grasslands, etc., it will often be necessary to go further afield in 
order to obtain clues. 

Indications of nature of rocks. While making the traverses, 
every indication of the nature of the rocks met with should be 
sought for. All natural and artificial exposures should be examined 
and specimens taken. 

It may be necessary to dig through soil and subsoil at times, 
when doing so, weathered portions of rock should be looked for. 

The soil and subsoil afiord valuable indications of the nature of 
the rocks from which they have been derived. 

V^etaiim also asdsts, e.§. oak grows well on day, while fir-trees 
are found on light sandy soils. 

A rapid reconnaissance of this kind will enable the engineer to 
gain a general impression of the topography and geological struc¬ 
ture of the district, and afrord an opportunity of judging bow best 
to undertake a systematic survey. 

Systematic Survey 

The general field procedure should be as follows:— 

As noted above under ' Observations to be made,’ all outcrops, 
boundary lines of stratified and igneous rocks, chfis and escarp¬ 
ments, etc., should be sited as accurately as possible on the plan. 
Descriptions of the shape and extent of the outaops should be 
entered in the field-book; also of the nature, thickness, strike, and 
dip of the strata; height above sea-level, and any notable topo¬ 
graphical features. Both plans and sections or profiles of outcrops, 
difis, and escarpments should be drawn in the field-book, giving 
compass-bearing, height, and length in each case. 
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The positions of any fossUiferous beids should be noted and 
description of the more abundant fossils given. 

In the case of igneous rocks, their boundary lines and position 
of dykes, sills, or lava should be noted. 

Faults may he seen on any natural exposure, such as feces of 
clifis or sides of ravines. Their displacement, vertically and hori¬ 
zontally, strike, and dip should be entered. 

Fossils. If the engineer has been able to study palaontology, 
and has provided himself with descriptions of fossils, he will find 
them of great assistance in his observations. Fossils may be 
collected while the survey is being made, but it is preferable to note 
the positions of fossils while surveying, and afterwards examine the 
fossiliferous beds carefully and cdlect fossils, samples of rock, and 
minerals at one time. 

Fossils will generally be found below the outcrops of beds in which 
they occur. As representative a collection as possible should be made, 

Plottmg. First of all, a table of the geological formations found 
in the district should be drawn up. It is desirable that each 
formation should be distinguished on the plan by a particular 
colour, and where a formation is divided into beds or horizons of 
importance, each of these should be given a different colour, or 
distinguished by some conventional sign, 

It is usual to plot first the traverses along streams and ridges, 
and then the boundaries of formations, and finally the subdivisions 
of formations. 

Ssedona, In running a section, a line should be selected which 
traverses those parts of the area which are geologically most impor¬ 
tant, and which show the relationship of the different formations to 
one another, and also one which is, as nearly as possible, at right 
angles to the strike of the beds ; if necessary, the bearing must be 
p.hflng ed time to time to fulfil these purposes. 

If an accurately contoured map is not available, the Inequalities 
of the surface of the ground must be recorded in the usual way by 
means of theodolite and level and chain, or if great accuracy is 
unnecessary, by pacing and Abney's level or clinometer, AH 
outcrops, artificial or natural exposures, wells or borings, dips, 
faults, etc., should be noted on the secrion. 

When plotting steHons the vertical scale should be the same as 
the horizontal, as otherwise the inclination of the beds will be 
distorted. 

The method of drawing sections will be familiar to engineers. 
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SECJTION n. STRtrCTimAl CKAEACTBRS OP ROCKS 
It has already been pointed out in Section I that, while making 
the geological survey of an area, all possible indications of the 
natuie of the rocks should be looked for and noted down. The 
structural characters of rocks are dealt with separately in this 
section for the sake of convenience, but it is not meant that a 
separate examination of the district must be made on this account. 
The structural characters of the rocks should be noted while the 
geological survey is being made. 

Referring to Chapter II, we note that the first question for 
consideration is whether the rocks met with are igneous, aqueous, 
or altered, and in forming our conclusion we must bear in mind 
that igneous rocks axe usually crystalline and aqueous rocks are 
very generally fossiliferous. We must remember, however, that 
some altered rocks are crystalline, and that some igneous rocks, 
composed of ^agraentary volcanic materials, aie stratified or 
bed<^. Again, the jointing of igneous rocks and the lines of 
foliation and cleavage in altered rocks must not be confused with 
lines of stratification in aqueous rocks (see Chapter II). 

'Hie structural characters of igneous and metamoiphic rocks need 
no further reference beyond that given in Chapter II. 

As mentioned in Chapter II, the changes which occur in aqueous 
rocks are (i) stratification; (11) inclination; (iii) curvature; 

(iv) joints; (v) dislocation. For convenience we will take (i), 
(u). and (ill) together ; as regards (iv), joints, see Chapter 11. 

Strata ane> their Incunation 
Principle of Stratification. It is obvious that every geol^cal 
formation must be newer than the formation which underlies it, 
and older than the formation which overlies it, except in the case 
of inversions; and. consequently, it has been possible to draw up 
a definite order of stiatigiaphical sequence, which holds good 
throughout the world, although gaps occur here and there. 

This law of contmuity of strata must be firmly impressed on the 
observer, who should not be misled by the temporary absence of a 
particular bed or beds in any of the sections he has observed. He 
must look out for alterations of strata, overlap, unconformable 
strata, etc. (see Chapter II, Section II}, and by comparison of the 
various sections observed he will be able to deduce the regular 
order of stratification in the district which he is surveying. 

Dip and Strike (see Chapter II, Section II). Strata are said to dip 
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when th«y are inclined; the dirteiicn of the dip is the point of the 
compa.ss tOM'uds which the strata slope, and the emouni of the dip 
is eatlinated by the size of the angle which the la3'ers make with the 
plane of the horizon. For example, the dip may be 40^ to the soitth, 
or 60^ to the north-east, and so on, the lioiiU of variation of dip being 
the horizontal and the perpendlcnlar. The direction of the dip is 
ascertained by means of a pocket<ompass, and the amoant of dip 
with a dinometer. The dip may be stated by the incline of i in a 
given number of units of length ; thus a fail of z in zoo corresponds 
to an angle of 6^. The opposite term to dip is me; if the beds dip 
to the west they rise to the east. 

The strike of a set of beds is defined to be the plane at right 
angles to the direction of dip, on the course of a horizontal line on 
the surface of inclined beds; it coincides, therefore, with the line 
of outcrop when the surface is horizontal. Consequently, the 
edges of inclined strata, viewed in the line of their strike, will be 
level, whilst a section at right angles will exhibit the true direc¬ 
tion and maximum amount of slope of the strata. If, then, a bed 
dips dne east, its strike is due north and south. Through knowing 
the strike, we do not necessarily learn either the direction of the 
<jip—because it may be to either aide of the line—or of its amount; 
yet to ascertain the true dip it is requisite that the line of strike 
be detemdned, inasmuch as the direction and amount of dip will 
vary with the section obtained. Thus, if the strike be due N, and 
S., then all the sections, except the one at right angles, will give a 
false dip; if the dip be 45* E., then the variations in dip will be 
from W. and E. to N. and S., and from 45* to 0*. 

Strike and beddittg planes. The strike is usually more or less 
straight, but if the bed is bent or folded, the strike necessarily 
curves or changes from point to point. It may also be described 
as the horizontal line along the bedding plane of the rock. 

It is necessary, therefore, to make sure that the bedding plane 
is a true one and not merely a joint-plane. The bedding planes 
of thin and flaggy sandstones and limestones, etc., can easily be dis¬ 
tinguished. Those of massive rock, such as conglomerate, are often 
indicated by layers of other material which may be harder or of 
diSerent texture or colour, or by layers of fossils. 

ObserviTig the strike. As long a surface of the bedding plane as 
possible should be exposed, and a horizontal line alot^ the outaop 
should be marked with pegs or stones or scratched on the rock, 
and the bearing—which is the strike—observed. 
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All observations should be checked by repetition. 

Messurcnunt of dip. ' In observing: a dip, the plane of the 
graduated arc of the dinozneter roust be held parallel to a vertical 
rock'face on which the beds appear exposed, and the distance 
between the eye and the rocks should be reasonable, in order that 
the straight'edge may appear coincident with a considerable length 
of the (hpping strata. The instrument is tilted until this edge 
appears to lie along some well-marked line of stratification ; the 
plummet or index then points to an angle equal to the angle of 
dip observed. Several observations are detirable as checks to one 
another; any evidences of lenticular or current-bedding {cf. Chapter 
II, Section II) must be noted, and the compass-beaiing of the face 
of rock utilised must also be observed. 

‘ The dip thus found is very probably only an apparent dip, and 
is less than the true dip, which runs in some other direction. Two 
or more observations taken near to one another will settle this 
point. Thus, where there are two dips seen on different wails of 
the same quarry, or in closely adjoining quarries, and where these 
are evidently not due to mere local slipping! or to the very common 
creep of the higher beds down the slope of a hillside, then the 
direction and amount of the true dip can be found by the simple 
geometrical method of Mr W. H. Dalton, 

* The directions of the walls, or rock-faces, on which the dips are 
seen are determined with the compass, and two lines are drawn to 

represent them on paper, giving the 
angle rah. Should one dip in the 
actual quairy-sectioDS incline towards 
a and the other away from a, one of 
the lines drawn must be produced, so 
that the dips represented in direction 
by the lines a r and a b both either 
incline towards or away from a. 

‘Draw ac perpendicular io ah, and 
of any convenient length, say, for 
greater accuracy, about 3 inches ; and 
draw a s perpendicular to a r and equal 
Fro. 35. Meawreraeat of dip. ^o a c. From e and s draw lines making 

with a c and a s respectively angles 
equal to the complements of the observed armies of dip and cutting 
a b and ar m d and t. Then the angles a d c and ats represent 
the angles of observed dip along the directions a b and (irrespectively. 
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‘ Join ^; this line represents the strike of the beds, a 6 . drawn 
from a perpeodicularly to it, gives us the direction of true dip. 
Draw a f perpendicular to a s and equal to a c or a s; joinThe 
angle a #/, when measured with a protractor, gives the amount of 
true dip. 

' The matter is clear if the three triangles azi.acd. and a f e 
are imagined as bent up so as to stand perpendicularly to the plane 
a t d, which remains horizontal, The points s, c, and / com^de, 
and a plane laid upon the dipping lines st,f«, and c d will represent 
truly a surface of one of the strata observed in the held, when both 
the apparent dips were inclined away from a. d f is a horizontal 
line in this surface, and is therefore the strike ; the line / 9 new 
perpendicular to it, and also in the same surface, represents the true 
dip both in compass-bearing and in inclination to the horizon.’ ^ 

Obiertin^ dip and strike. Observations should be made at 
points where the rocks are clearly undetached. On walls of deep 
gorges and on steep cliffs special care is necessary as, in such cases, 
the outcrops are often bent or warped. True anticlinal folds should 
be distu^uisbed from variations of inclination due to unequal 
pressure, etc. 

Calculating the Tfaiclcness of Strata, By knowing the upper and 
lower boundaries of a stratum and its average dip, one can readily 
determine approximately the depth at which it will be found under 
any given spot, and its thickness. In fig. 26 let A B represent the 

level surface of the outcrop of a _ j 

a bed, the thickneas of which, y 

and the depth of its lower sur- 

face below the point B, it is 

desired to ascertain: the dip 

having previously been ob* 

served to be 30®, and the dis- 

tance A B - 300 yards. Then 36. CalcdlaUag thickacs* of «rau. 
B C at right angles to the 

horizon is the depth, and B D at right angles to the dip will be 
the thickness of the bed. 

Then in right-angled triangle A D B, 

sinA-g-^* BD^sinAxAB 

or the thickness of the beds - sin 30* x 300 - i x 300 -150 yards. 

» G, A. S. Cole: Aids in PrasketU Otoloiy. 7th ed., pp, 5-7. 
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Again, in right-angled triangle A B C, the angle at A and length 
of A B are knowii, so that 
B C 

tanA-j^’ BC^tanAxAB 

that is, BC or depth of C below B»tan 30® x 300-173 yards 
nearly. 

Any two terns being given in either of the equations, the third 
can be obtained for each. 

When selecting a point for measuring the thickness of strata, 
care should be taken to avoid faults or isoclinal folds where the 
strata are likely to be repeated. 

Outcrop and Strike. As the strike is always at right angles to 
the direction of the dip, it must continually change with the latter. 
It must not, however, be confused with the outcrop, which is the 
line where any particular formation cuts the sur&ce. 

As explained in Chapter 11, Section 11, the strike must coincide 
with the outcrop when the surface of the ground is quite level, and 
also when the beds are vertical At all other times they do not 
coincide, but the outcrop wanders to and fro across the strike 
according to the changes in the angle of inclination and in the form 
of the ground. 

Curvature. If any of the upper beds which have come to the 
surface, in any district, are found to be setting in again and dip 
in the opposite direction away :^OTn their line of strike, an anticlinal 
is indicated; and similarly, when the beds dip inwards in opposite 
directions a synclinal may be expected. The above is true whether 
the beds are Suited or not. 

Overlap. This may be detected, even when there j$ no section 
which displays it, by the boundary lines of the two beds gradually 
drawing nearer to one anoth^ and the outer or lower one dis¬ 
appearing beneath the ianer or higher bed. 

TIoeofifonsity {cf. Chapter II, Section II). There will usually be 
a considerable difierecce in indinadon, and the boundary lines will 
generally draw near to one another at a considerable angle. 

Dislocation 

See under DiikcaHon in Chapter II, Section II. 

The presence of a fault may be anticipated from the following 

(i) The abrupt ending of an outcrop, or the want of continuity 
of definite bands or beds. 
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When a bed passes under another wconfomable one the outcrop 
of the first bed will terminate abruptly, but in this case the line of 
junction will be a wavy line following the dip and surface features 
of the newer unconfonnable bed, whereas the line of a fault will be 
a straighter line. 

(2) An abrupt change in the strike due to an abrupt change in 
the direction of the dip. 

Changes in direction of dip and strike often occur in beds 
which are not fractured, and at times the change is very sudden, 
but in such cases the changing dip forms a curve where the 
direction changes, whereas if the beds are fractured by a fault 
there will be a sharp angle at the point where the direction of dip 
changes. 

(3) A considerable change in amount and direction of dips of 
the same bed in adjacent sections. 

Change in direction of dip may indicate flexure {cf. Chapter II. 
Section II), but when there is change in amount of dip as well a fault 
is indicated. 

(4) The presence, between outcrops of any two formations, of a 
formation not in its normal position; or the absence, between 
outcrops, of a formation which is usually present. 

This may be an indication of either a fracture or an uncon* 
formity ; other indications must be looked for. 

(5) When a bed fails to appear at the place where, from its dip 
as previously observed in section, it was expected; or, the appear¬ 
ance of a bed at a place ndiere, from its dip. it was not expected. 

This is an indication of either a fault or a flexure. 

Tracing Faults. The faults which are seen on cliff faces or 
other exposed sections are very often comparatively small ones. 
The larger faults can seldom be actually seen, although their 
presence can be detected by surface indications. One reason for 
this is that along the fault-lines of larger faults the walls of the 
fracture are subjected to great crushing force which causes them 
to crumble away, and thus the opening becomes filled with debris 
and the fault is concealed. Again, later deposits ftequently cover 
the older rocks, and thus the dislocations among the latter are 
hidden from view. 
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SECTION m. DETERMINATION OP ROCKS 

SBLECTIQK of SP£CIlfENS 


Specimens must be getbered in siiu, for if taken from talus, road 
or rubbish heaps, they are very misleading. If too large to be 
carried avay, a sketch or photograph, giving dimen^ons, should 
be made, and chips taken from different parts of the rock. 

Some of the points to be noted in choosing specimens are men¬ 
tioned belov under the headings 'Igneous Rocks/ 'Aqueous 
Rocks,’ etc. 

Soils and suisoiU may be collected in tins. Subsoils should be 
taken from an excavation some two feel or more below the surface 
of the soil. 

Crysials are to be found in cavities aod open joints, while rock 
specim&ns must be taken from larger masses in order to obtain 
unweatbered surfaces. Weathered crusts may also be collected in 
order to show the effect of atmospheric action. The difference in 
colour is well shown in clay blocks with bluish hearts and brownish 
surfaces. 

Ah specimens should be wrapped and labelled in the held, and 
dated. 

Easar Distikcuishasle Charactsrs 

It must be dearly understood that the characters described 
below and referred to in Table 11 are cnly such as can be easily 
detected in the field. In all important or doubtful cases the 
spedmens should be examined at home. 

Stnictura. The various kinds of structure referred to in the 
table are: 


Crystalline. 

Compact or Homogeneous. 
Foliated or Schistose. 
Fragmental. 

Granular. 


Vitreous. 

Cleaved. 

Earthy. 

Concretionary. 


CrystaJUnc indudes ah types in which crystalline texture can 
be detected by the eye, but the minuter forms, such as crypto- 
crystalhne, etc., are induded under Compact. 

Compact or Homo^tneous indudes all dose-grained and Utholdal 
rocks. 

FoUaied or Schistose rocks are those of a distinctly foliated 
character (see Chapter V, Section III). 
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Fragfruntal (see Chapter IV, Section III) includes breccia, 
conglomerate and volcanic agglomerates, tuffs, etc. 

GranuUir. This term refers rather to texture than structure 
(see under Struciurc, Chapter IV, Section III), 

The remaining terms, Vitreous, Cleaved, Earthy, Concretionary, 
are described in Chapter IV, 

Hardness. In estimating the hardness of a rock the pocket^ 
knife must be used hteXy, as in the case of minerals. A rough scale 
for testing the hardness of the latter is given in Chapter HI. 
Section I, which is also applicable to rocks. The angle of a steel 
hammer, drawn across the face of a rock, often gives similar 
infonnalion to that obtained by means of a pocket-knife. 

All rocks tend to have a hardness a little below that of their 
principal constituents (see Chapter IV, Section IV). 

Streak. While the specimen is being scratched to ascertain its 
hardness, the streak or colour of the powder produced by scratching 
should also be observed. 

Feel. May be rotigh, as trachyte ; sinooth, as mica; uncUtoui, 
as talc, steatite, and serpentine (slightly); or mtagre, when the 
surface seems to rub off in powder under the finger as chalk. 

Smell. This is apparent in some limestones containing hydrogen 
as well as carbonic add, which, when rubbed, smell strongly of 
hydro-carbon ; also in some varieties of quarts. Some clays have 
an earthy smell when breathed upon. 

Effervescence. If a drop of dilute nitric, sulphuric, or hydro¬ 
chloric add in the proportion of x part acid to ^ parts water be 
applied to the fresh fractured surface of a rock, it will cause rapid 
effervescence if the rock is a pure carbonate of lime, slow efferves¬ 
cence if the rock is partly composed of carbonate of lime, but none 
at all if the rock is a sulphate or silicate. 

Colour and Lustre (see Chapter IV, Section IV). The colours 
of weathered fragments and fresh-fractured surfaces should be 
carefully noted and the lustre, if any, of the latter should be 
observed. 

The various kinds of lustre recognised by experts in the case of 
minerals are given in Chapter HI, Section I, and the same terms 
are applicable to rocks, but it will generally suffice, for the purposes 
of the rough outdoor examination under consideration, to note 
whether the freshly fractured surface is or is not lustrous. 

Fracture, The usual forms are given in Chapter IV, Section IV. 



Tabl* II. EASILY DISTIKCUISHABLE CHARACTERS OF ROCKS 
I. COKMCt StBUCTVU 
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Igheous Rocks 

We have seen in Chapter II, Section I, that both plirtonic and 
volcanic rocks may be derived from the same rock magma. Thus, 
in a mass of igneous rock, the centre may be crystalline and the 
margin more or lees flas^, while there will be border-line rock 
\vith an intermediate constitution. Samples should therefore be 
taken all portions of the rock-mass. 

The junctions of igneous rocks with other masses are often 
difficult to detect, especially on grassy slopes, etc. 

In passing from the margin, which may often be decomposed, 
towards the centre, a good look-out must be kept for foreign patches, 
which may or may not have modiBed the nature of the genei^ mass. 

Granite.^ Quarts may be easily distinguished by its clear glassy 
granules without cleavage. The dark micas axe most common, 
but muscovite occurs. Biotite crystals with dull edges often 
resemble fibrous hornblende, but may be identified by the liistre of 
the basal planes. Orthodase may be recognised by its large, rather 
tabular crystals. 

Syenite. Not so common as granite or quartz-diorite. Resembles 
homblende-granite, but quartz is absent, or scarce, in true syenite. 
Sphece often occurs in small, hard, yellow crystals. 

Diorite. The essential constituents are hornblende and plagio- 
dase. In homhlmdi-ddorits there is little or no quartz, the horn¬ 
blende being usually green, but may be brown or 3^1Iow. In mica- 
dioriie biotite is an important ingredient, and is alwaj's brown or 
yellow. In au^i^-dioriU the augite is generally green. 

Orbicular (cf. corsiU, a variety of diorite. cf. Chapter V, Section I), 
banded, or foliated structures may occur. Homblende-gabbios re¬ 
semble diorite, but contain more basic felspar and occasionally oUvine. 

Quartz-diorite. In addition to hornblende and plagioclase, con¬ 
tains a considerable amount of quartz, is generally grey in colour, 
but may be reddish from red fdspar. Resembles granite—a great 
deal of the stone, known commercially as granite, really being 
quartz-diorite. 

Qabbros. Have the same composition as dolerites, but the 
crystals arc coarser. In oUvin^giibbro, the yellowish-green, glassy 
olivine may be distinguished from the larger and less transparent 
pyroxene. In noriu, the diallage is replaced by hypersthene, 
which has a coppery lustre. 

> In each caee refer«ac« should be made to Chapter V, Section 1. 
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Pyroxenites differ from gabbcos and norites, to which they are 
closely by the absence of felspar, and from peridotites by 
containing olivine. 

Peridotites may be recognised by their dark colour, high spedirc 
gravity {3‘0 and over), and generally poikilitic structure. The 
'lustre mottling' caused by the smooth and shining cleavage 
surface of hornblende and augite being dotted over with dull 
blackish-green spots of olivine, is characteristic. 

Porphyry. This general term Includes granite-porphyry and 
quartz porphyry in the Acid Group of hypabyssal rocks, and 
orthoclase-porphyry and eleolite porphyry in the Intermediate 
Group, Rods with a porphyritic structure, i.g. with scattered 
crystals of larger size in a hner-grained ground-mass, s.g. diorite* 
porphyry, augite-porphyry, greenstone-porphyry, are ofUn called 
porphyries, but the term is better restricted to rocks of intrusive 
origin. Being hypabyssal or dyke rocks, they occur in the form 
of dykes, usually on the edge of deep-seated masses of plutonic 
rocks such as granite, syenite, diorite, etc., while the margins of 
the latter rocks often assume a porphyritic structure; hence porphy¬ 
ritic granite is intermediate between granite and granite-porphyry. 

Porphyries are distir^uished by (i) their mode of occurrence; 
(U) the characteristic pcuphyiitic alkali felspar. 

GraniU-porphyrifs are distinguished from syenite-porphyries by 
the presence of quartz. They are exceedingly coiomon. 

Qvaris-porpJiyry contains porphyritic crystals of quartz, which 
appear in hand-specimens as small rounded, clear greyish vitreous 
blebs, also felspar crystals usually duU and cloudy and larger than 
those of the quartz. The ground-mass is usually grey, green, 
reddish, or white, 

Porphyrltes are distinguished from porphyries by long phenocrysts 
of plagioclase felspar in lieu of orthoclase. They correspond with 
gabbros and norites as porphyries do with granite, syenite, diorite, 
etc. 

Doleiltes. Hornblende may be seen occarionally with the lens, 
also the glancing surfaces of ophitic augite. The felspars are rod¬ 
shaped and typically dark-coloured. In iiahAse, caldte often 
be detected with the eye, and fragments of the rock commonly 
eHervesce in acid. 

Rhyolites. The ground-mass, usually glassy or cryptocrystalline, 
is fairly bard when ftesb, but when acted on by the atmosphere or 
by volcanic vapours It becomes softer. It is usually pale in colour. 
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but may be reddish, pinkish brown or yellowish brown, or white, 
and the ^actured surfaces are often concbcidal. 

Phenocrysts* are of orthoclase, clear glassy sanidine, with granular 
quarts, biotite, augite, or bomblecde. Fluidal and banded struc¬ 
tures with spherulites are common. 

Trachytes. As in the rhyolites, the ground'inass is typically pale 
The proportion of glass to crystals is less than in rhyolites, and 
banded and sphenilitic structures less common. The fractured 
surface is rather 

Basalts occur as lavas, sills, and dykes. They exhibit every form 
of structure from glassy tachylite to holocrystalline, when they 
tend to pass into dolerites. Porphyritic, vesicular, and amygdaloid^ 
structures may be present. 

Tuffs. These for the most part appear compact when freshly 
fractured, but the weathering of joint-surfaces causes the difrerenC 
ingredients to stand out clearly. Hand-specimens of the weathered 
sur^ces should always be collected, and the whole mass should be 
sketched in the field. 

The compact beds formed from the finer ashes can only be 
determined by the microscope. 

Aqoeous Rocks 

Sands should be collected as dry as posable, and from places 
where they will not have been sorted out by the action of wind. 
The chief difficulty is to dean them for observation. The mud 
should first be rubbed off, as far as posdble, with tbe fingers, and 
the 59n^* should then be washed. ^Vhere consolidation appears 
to have commenced, any dgns of cementii^ material should be 
sought for. It will often be necessary to clean the sands with add. 

V^ere magnetite is present, as often occurs in the case of sands 
derived from igneous rocks, it can be detected by a magnet. 

In all ‘•35^ of doubt the engineer will do well to send specimens 
of the sand to a chemist. 

GritSj Sandstones, Gravels, and Conglomerates. In all cases the 
individual constituents should be released by attrition, and the 
cementing matter examined chemically if possible. The gleaming 
cleavage-surfaces of caldte are unmistakable: silica and barytes 
can be identified fairly easily. In crystalline sandstones, crystal 
frmes of quarts can be seen. Tbe amount of rounding of the con¬ 
stituents of gravels and conglomerates should be noted. 

‘ Tb« larger crystab. 
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GUys aod Shales. The plasticity of days and their sectUity 
when dry is well known. The proportion of silica and iron pyrites, 
etc., in cla)^ can be found by washing. The clay should first be 
broken up into small lumps and well dried. 

In s?taies thdi fissility is a distinguishing feature. The older rocks 
are often darker than those formed later. 

Marls will efiervesce when treated with hydrochloric add, owing 
to the presence of carbonate of lime. 

Bauxite as a rule has been formed from decay of igneous rock 
rich in alumina. Like clay, it is sectile and adheres to the tongue, 
and is compact. 

Lunestones. The colours vary a great deal, but the hardness 
(about 5) aids detection. Some bard dark limestones resemble 
quartzite, sandstone, or even basaltic lava, but the knife leaves a 
clear white scratch which settles the question. 

Sand grains, glauconite, flakes of mica, and tiemoUte are often 
found in limestones. 

In shdiy limestones the shells may be of caldte or ar^onite—the 
latter is harder and will saatch the surface of caldte aystals. 

In ooklic limestones distinct spherical or ellipsoidal bodies can 
be seen, and usually form the larger proportion of the mass, being 
similar in coloui to the gTound-mass. PisoUttc limestones are 
similar to oolitic but coarser, and the ellipsoidal bodies are often 
flattened. 

Bock'Salt often contains earthy and ferruginous matter, which is 
left when the salt is dissolved in water. 



PART III 

APPLIED GEOLOGY 


The importance to the engineer of a knowledge of geology having 
been referred Co in the Introduction, it only remains to add that 
Part 111 on Applisd Geology deals with the application of geological 
knowledge to the various branches of engineering detailed in the 
chapters which follow. 





CHAPTER VII 
WATER-SUPPLY 

• Ths several sources of supply known to hydraulic engineering: 
science aie to be regarded merely as stages of the various courses 
pursued by water in its passage from the rain-clouds to the ocean. 
Whether precipitated through the atmosphere as rain, or flowing 
over the earth's surface as stream or river, or percolating the soil 
and rocks beneath, the motion of water is to be explained according 
to the same uniform physical laws.' ^ 

SECTION I. RAINPAIL AND EVAPORATION 
Rathpalx 

The sources of water supply are springs, wells, rivers or catch¬ 
ment areas, and the basis of investigation into the capabilities of 
such sources is an accurate estimation of the rainfall upon the areas 
from which water is to be derived. 

Rain (see Chapter 1, Section I) on leaving the clouds is un¬ 
doubtedly pure water, but in passing through the atmosphere, 
especially after a long drought, it absorbs oxygen> nitrogen, carbonic 
acid, some ammonia and nitric add. and also brings with it particles 
of matter floating in the air. After rain has been falling ioc some 
time the air is cleared, and the rain-water comparatively clear of 
foreign substances and gases. 

The particles floating in the air, in the open country, are chiefly 
organic, but in or near manufacturing towns various other sub¬ 
stances are taken up, and when rain is collected after falling on 
the roofe of houses it will be farther contaminated. 

The quantity of rain chiefly depends on (2) Climatic conditions ; 
(2) Physical conditions. 

Climatic CondiUons. Rainfall in ' the major climatic regions of 
the vwid' • is briefly as follows:— 

Equai0fuU region. Rainfall heavy from 70 to 80 inches upwards. 
Rather less in areas cut off from the influence of the sea. 

^ Tudsberyaad Bngbtssors: PntioifUs fPttUrwprhs Suginurinf, 3 rd ed., 
pp. xo^ci. 

* Cf. Moism Gscgraphifioi SdMS. hy L. Dudley Stamp; ' An Outline of 
Modern Knowledge.' 
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Tropical region, va$t areas of grasslands lie between 

equatorial forests and hot deserts. Rainfall from 70 to 8o inches 
OD forests’ edge to 15 inches on deserts' border, and as much as 200 
in wettest parts. 

Tfopicoi monsoon. Lands of India, Indo-China, and South China. 
Rainfall varies 500 to S inches. 

Hoi decerts, on poleward side of regions with tropical climate, 
occur generally on west side of land*inasses. Little or no rain. 

Mediterranean. Rainf^ varies horn 10 to 40 inches. 

W^arm temperate. S.E. States of U.S.A., greater part of China, 
5 .E. coast-lands of Australia and South Ahica, Urv^ay. and S.E. 
Brand. Moderate rainfall throughout year. 

Cool lemperaU. British Isles, coast-lands of British Columbia. 
Weil-distributed rainfall throughout year. 

In the temperate zone mere rain falls on the v.'estem coasts of 
large continents than on the eastern side or in the interior, but in 
the tropics more rain falls on the eastern side. Rain falls on more 
days in the temperate zone, but more rain falls in the tropics. Most 
of the moisture in the air comes from the tropics, and consequently 
in England it Is usually the S.W. winds which bring moisture. 

Physical Conditions. ‘ Where the prevailing winds are warm, 
and heavily charged with moisture, by crossing a large extent of 
ocean, the rainfall on the first high groi:^ encountered by them will 
be heavy. The moist air, ri^ng to the altitude of the hills, expands 
in volume and is reduced in temperature, in accordance with the 
adiabatic law ^ for the expansion of gases and vapours. The 
cooled air cannot hold in suspension so large a quantity of vapour 
as before, and the latter is deposited in the form of mist, rain, haiL 
or snow. The rainfall of a district is likely to be small if the pre¬ 
vailing winds traverse a wide expanse of land before reaching it, 
or if they come &om a place of bw temperature to a wanner dis¬ 
trict of no greater elevation. Under such drciunstances the air is 
generally in a suitable state for absorbing addltbnal moisture.' * 

Varialion of rainfaU. The amount of water the air can 

* Zf BO h«4t is sapp2i«d to tbe air durug Mpanaios, tbeo the air loses aa 
amoont oT hest equivaleot to the enenuU work doae, an/i the temperature 
tall*. 

' TndeberyaBd Siightnore: Principles 0/ WaUrtvoriis Bnginetfirtg. 3rd ed.. 
p. 38. 
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contain depends on temperature and pressure. If either of 
these is decreased, moisture will be deposit^; if either is inaeased, 
the tendency to deposition will be lessened. 

A rain-bearing: wind blowing against the »des of a hill is com¬ 
pressed and the pressnre is increased, but the wind is also dedected 
into a higher part of the atmosphere, where pressure and temperature 
are less than at the point of impact. 

If there is a valley on the reverse side of the hill or ridge, the 
wind, having expanded at the top, will deposit mote moisture on 
this reverse side than on the far side of the valley beyond; e.g. the 
rainfall on the east side of the Western Ghits, which run north and 
south behind Bombay, is very much greater than on the west side. 
The water supply of Bombay is obtained from reservoirs on the 
eastern slopes the Gh&U and carried down through tunnels. 

Similarly the rainfall usually increases with the eUvaHon, and in 
England it is customary to allow for an Increase of from i to 3 per 
cent, of the rainfall per zoo feet above the rain-gauge—the lower 
figure being adopted for wet districts. Much appears to depend 
upon the elevation of the country with regard to the region of the 
rain-clouds, which may be said to extend to about 3000 or 4000 feet 
above sea-level 

Estimation of Mean AnfinaT Fall. Irv connection with the supply 
of water obtainable from gathering grounds of natural and artificial 
reservoirs, as well as for purposes of compensation to mUlowners, 
etc., it is important to ascertain the mean annual rainfaU- 

Observations over an extended period axe very necessary. 

Rain-gauges must be placed in as many situations in a district 
as will cover the various elevations and conditions met with. 

Rainfall varies day by day, month by month, and year by year. 
Hence, to obtain reliable results the average of between 30 and 40 
years should be taken. But if the latter results are not obtainable, 
except at one or two places, cr not at all, an average for each rain- 
gauge must be taken and tbe best available conclusion arrived at. 
If the gauges are placed at equal intervals a general average can be 
obtained, but if not so placed, tbe readings for each gauge should 
be multiplied by the area represented, 

If there is at least one or more long-established gauge in the 
area the records of which have been carefully noted for a long time, 
it will be of immense service as a check on the newly established 
gauges. 

A difficulty arises in the case of a heavy fall of snov. This may 
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dther be b!own away from the mouth of the gauge, cr it may melt 
more <^uickly over the gauge, thereby giving a much higher record 
than is warranted by the true fail 

Maximum and Min^maim Fall. When the mean fail at any place 
is known, the following roogh rules may be adopted to ^ve an 
approximate idea of other particulars of rainfall:— 

(x) The excess above the mean in the wettest years may be 
taken at 33 per cent,, and the same for the defect for the driest 
yeai3. 

(2) The three driest consecutive years may be taken at 80 to 85 
per cent, of the mean. Terms of three consecutive dry years have 
been found, at the Greenwich Observatory, to occur at intervals of 
about twenty-two years. 

(3) For the greatest fall in 24 hoius, in the case of a mean fall 
of 20 inches, take 16 per cent, of the mean; for each increase of 
4 inches, decrease i per cent, up to 60 inches ; beyond 60 inches 
it remains stationary at 6 per cent. 

Evaporation ahb Absorption 

Effect on Water-supply. Evaporation and absorption are inti¬ 
mately connected with water-supply as regards (x) the evaporation 
of rain as it falls on the ground and is temporarily retained there; 
(2) the evaporation from surfaces of lakes, reservoirs, and other 
bodies of water; (3) the absorption by vegetation of a large propor¬ 
tion of the rainfail^part being retained in the body and fibres of 
the plant or tree, and part being evaporated from the leaves. This 
absorption depends on the nature and amount of the vegetation. 

Evaporalion from Hu surface of the ground depends on the rate 
of rain^, the physical and geological formation, the nature of the 
surface, and the drainage. The maximum evaporation occurs in 
sandy plains and on fiat spongy ground with an impervious subsoil. 
The minimom occurs on impermeable surfaces. 

Logs. A common rule is to allow one-third of the rain^U as 
drained into streams and rivers; one-third as percolating into the 
ground, reappearing in springs ; and one-third lost by evaporation 
and absorption by vegetation. But this is not correct, for with 
increased rainfall the loss is decreased, and when the rainfall is 
less, the temperature is higher and the humidity less. In the dry 
season the loss by evaporation increases very much. In England 
this loss varies from 9 to 19 inches, and during the summer months 
may be taken at one-eighth to one-fifth of an inch per day. 
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' Generally* upon permeable soils or upon steep and impervious 
land, the loss by evaporation is small. If, however, in permeable 
soils the surface of saturation is, owing to the physical ^tures of 
the locality, situated near to the surface of the ground, evaporation 
takes place actively under favourable atmospheric conditions.* ^ 

Evaporation from Surfaces of Water, The disaepandes between 
the records of careful observers have been almost incredible— 
probably owing to the small scale on which experiments were made. 
‘ In Ei ^ l and the loss from evaporation has been estimated as 
equivalent to a depth of about 3 feet from the surface of reservoirs; 
whereas from reservoirs in India it has been reckoned as a depth 
of 4 to 6 feet over the whole area in a year (c/. Moleswortb's Pocket 
Book, 23rd od., p. 319). In the United States It has been calculated 
that the evaporation fican surfaces of water ranges from a minimum 
of about 1$ inches in a year on the North Padhe coast, up to a 
maximum of about 100 inches on the Southern Platoaa The annual 
evaporation at Melbourne from a water surface has been found to 
amount to 40| inches: whilst in South Africa it is 39 inches at 
Port Elizabeth on the seacoast, and at Van Wyk's Vley Reservoir, 
in the interior, It reaches 80 inches.' ^ 

Dry Weather How. Of more importance, however, than the 
mean annual evaporation is the evaporation during the dry season 
of the year, when reservoirs are being taxed to their utmost capacity, 
and when, th«eforc, the elements of loss have to be more closely 
watched. Mr Burnell, in his Rudim^is of Hydrauiic Brt^inocring, 
says: ' The experience derived from the use of reservoirs on 
canals ^ppssrs to indicate that, during the summer months, it is 
necessary to allow for an evaporation ranging between one-sixth 
and one-eighth of an inch per day.' In an important matter like 
this it is perhaps advisable, in order to be on the safe side, to allow 
for daily loss during the dry season of not less than one-fifth of an 
inch. 

SECTION n. UNDBRGBOtraD AND SUET ACE WATERS 
UiTOBRCROUND Water 

The surface of the earth is divided into ground surfaces and 
water surfaces. Rain falling on water surfaces adds to the volume 
of the water which is continually being reduced by evaporation. 

* Tndabery and Brightmw; Prineiples 0/ WaUrwcrk$ Hnsitteefing, yd 
e<J„ pp. 4V-50> 

• L. F. VeraoB-Haxcourt: Saniiary Engtntmttg. p. 43. 
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Rain falling on ground surfaces wiE run off if the surface is entirely 
impervious, or, subject to losses by evaporation and absorption 
into vegetation, will to some extent percolate into the ground if 
the latter is at all pervious. A ground surface which, though other¬ 
wise impervious, is so jointed and cracked that water can penetrate 
underneath, must be considered pervious for present purposes. 

Water Table. The level at which water stands in pervious 
ground is known as the plant of setiwaiion, $urfac4 of satnraHon, 
or ti>ater tabk< The lowest level at which the plane of saturation 
stands in the material or strata nndemeath the ground is at or 
near tlie level of the sea. Below that line the rocks are always 
saturated, and the plane of saturation never sinks much below the 
level of the sea. The height to which rocks are saturated above 
the level of the sea depends on their porosity, the rainfall, and the 
distance from the sea. 

Slope of the Water Table. The rain-water falling on the sur^ce 
of the land 'sdli continues, under the action of gravity, to seek 
lower levels, pursuing those routes in which it experiences the least 
resistance to its downward motion. Generally speaking, this 
direction is vertical through soil and subsoil, until its progress is 
checked by encountering the great body of water that saturates 
the subterranean regions at depths depending upou local circum¬ 
stances. Here the motion is not arrested, but its direction becomes 
inclined at a certain angle, which is determined by the resistance 
opposed to the flow by the strata at the place in question. The 
inclinatiOD of this subterranean water-slope changes from point 
to point according to the geological formatioas traversed. In 
permeable rock, such as chalk ^ and gravels, the slope is naturally 
flat; in sandstone it is less so ; whilst in compact grits the angle 
of inclination is large in just such degree as the impervious character 
of the rocks requires greater hydrostatic force to overcome their 
resistance to the passage of the water. The absolute level at any 
point of the slope also varies according to the volume of water 
which, contributed by the rainfall, seeks a passage to the ocean. 

* Thus there extends in all directions a swfau of saiwaHon, or, 
as it is sometimes termed, plant of zaiuration, occurring always 
where the descending waters assume a definite surface slope, in 
accordance with ordinary hydrodynamical laws.' * 

' Tbe permeability of chalk u chiefly due to the fissoree that traverse it. 

* Tudsbfiry aad Brightmore: Tht PrincipUs of WaUranrks Ey\gin 6 tnn^, 
3rd ed., p. 22. 
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Satoiatioa and Imbibition. In addition to the water contained 
in the rocks at saturation level, there is a certain amount of waUr 
c/ i*ttbibiH&n to be reckoned with. This is due to capillary action, 
the rocks above the line of saturation soaking up or imbibing water 
itom below. This moisture is well known in certain building atones 
as' quarry water ' or' quarry sap ’ (c/ Chapter I, Section I,' Frost/ 
and Chapter Vlll. Section I, ‘parrying/ and Section IH, 
’ Seasoning'). 

As soon as this water of imbibition is removed by evaporation 
ftom above, it is replaced by capillary action from below. To 
illustrate saturation and Imbibition, take a block of chalk and 
place it in a basin of water, Tbat portion of the block which lies 
below the surface of the water will be entirely saturated, every 
crevice and hollow, large and small, being filled with water. The 
upper portion of the block will also become damp by capillary 
action, and will contain a considerable quantity of water of 
imbibition. 

Now, if we bore a hole in the block straight down from the top 
nearly to the bottom, water will stand in this miniature well at the 
saturation line^which is of course level with the sur^ce of the 
water. 

We will next gently pour some water over the block while It is 
stiU tminetsed in the basin of water ; some will run ofi and some 
will soak in, and gradually make its way downwards till it readies 
the saturation level. Near the outside of the block it will easily 
find its way into the surrounding water, but inside it will temporarily 
raise the saturation level, so that the water in the miniature well 
will stand at a higher level than before, but eventually it will dnk 
to the original saturation level. 

If the whole of the material of the earth were pervious, like our 
piece of chalk, the water table would fluctuate to and fro a little 
above the level of the sea, accordir^ to the amount of rain falling 
from time to time on the earth's surface. But the earth is composed 
of permeable and impermeable strata occurring in patches. Hence 
the water table varies from point to point. To every basin of 
stream, river, or lake there is a surfece of saturation (c/, fig. 40). 
Moreover, the true surface of saturation may be obscured by surface 
flow {vide ' Conditions of Flow '), 

Capacity of Bocks for 'Water. 'The amount of water, either of 
saturation or imbibition, which any rock will contain depends on 
its composition and texture. The looser the texture, and the more 
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numerous and larger the tracks, the greater the quantity of 
water the rock will contain when saturated; but the rock which 
takes a great deal of water to saturate will not necessarily contain 
a large quantity of water above the line of saturation, because the 
cavities between its particles may be too large for capillary attrac¬ 
tion to act. Thus a coarse loose sand will contain a large quantity 
of water of saturation, but it nevertheless makes a very dry soil, 
because, in the first place, ^e water can very readily make its way 
downwards through it, and because, secondly, capillary attraction 
is weak owing to the large size of the spaces between the grains. 

Rocks vary greatly in the quantity of water they retain, in the 
way in which they retain it, in the r^tive facility with which they 
absorb or part with it, and in the degree of accidental interruption 
that can interfere with the free course of the water beneath the 
surface. Thus sands, if loose, allow water to percolate freely 
through them ; if hardened, they conduct water very badly or not 
at all; if broken, they ofier natural channels, permitting a very 
perfect but partial transmission. So limestones, under certain 
drcumstances, are good conductors, and under other drcumstances 
very bad conductors, of water: and this is governed by the nature 
of the rock, its condition, its position, and generally by those facts 
observed and described by the geologist. Even da 3 's, although 
generally tough and quite impermeable, retaining water to any 
extent, are sometimes broken by permeable joints, and sometimes 
mixed with so much sand and lime as not to be absolutely close. 

Sandf and Grawis may be considered the most open of the 
difierent kinds of rocks, but both require careful examination if 
we would discover their true condition. Thus many sand rocks, 
although themselves loose and containing much water with which 
they would readily part, have undergone a partial consolidation, 
or are traversed by a multitude of crevices, and sometimes by 
systems of faults parallel to each other filled up with clay, quartz, 
or oxide or iron, and crossed by others at right angles to them. 
The whole mass of rock is thus divided into compartments or cells 
which have little communication with each other, and if one such 
compartment is drained by pumping, others at a distance are not 
necessarily affected. When part of a rock of this kind is covered 
with gravel, little diflerence might be anticipated; but if this 
sur^ce^avel covers up and conceals boulder<lay of a stifi and 
tenacious character—and this is by no means uncommon in various 
parts of England—the compartments above alluded to will be 
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veiy differently supplied with water in various parts of the same 
district. 

Loose sand rocks, alternating with bands of marl and not 
intersected by impermeable bands, such as form the great mass of 
the New Red Sandstone series in the middle and south of England, 
usually allow water to percolate lieeiy to their base, the marl beds 
fonning mere local interruptions, and retainu^ the water at the 
sufface only so lor^ as it is runnii^ towards some natural vent. 
Harder sands and sandstones, such as the hfillstone Grit, form an 
almost impassable barrier for water, and conduct it to some other 
more permeable rock. 

Clays when of considerable thickness and extent do not allow 
water to pass downwards into the earth, and often by their level 
and easily smoothed surface retain large pools and sheets of water, 
to the groat injury of the soil When there is a natural fall to the 
sea, however small, there is always a possibility of greatly improving 
the condition of such land by chainage. while springs of water are 
neither required, nor if required would they be easily found without 
sinldng. It may happen—and the geological structure of the 
district would show whether this is likely or not—that the clay 
covers up permeable and very wet beds which, if borings were 
made, would rise to the surface in artesian wells. On the other 
hand, it may happen that by opening a way into the lower beds 
the surface-waters would be drained off. 

Calcareous or Lime rocks differ a good deal in thrir containing 
pewer with reference to water, and much doubt has long existed 
as to the true state of such rocks in particular cases. They may 
be divided into two groups—the one partaking more or less 
a spongy nature, and the other hard and semi-crystalline. The 
Oolites offer a kind of intermediate condition. The first of these 
groups is illustrated by chalk, of which the soft upper beds are 
exceedii^iy porous and absorbent of water. The lower beds of 
chalk, though not so soft as the upper, are usually, when penetrated 
by sinkings, found to be exceedingly wet, and a large quantity of 
water is yielded ffeeiy, thoi^h the replacement seems to take place 
but slowly. In addition to the ordinary sources of water in the 
mass of the rock, there is no doubt of the existence of numerous 
fissures and crevices, and frequently large cavities, in chalk and all 
other lime rocks, and these are often filled with water at consider¬ 
able pressure. 

Igneous rocks in which joints or fissures are numerous, or whose 
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top layers axe decayed, may hold a good deal of water. Volcanic 
fragmental rocks consisting of partly stratified ashes, etc., may be 
water*bearmg. Schistose rocks often hold water in decayed portions 
or crevices. 

Water-bearing Strata. As strata of various a^s are exposed 
at many places, permeable strata may occur at any depth. 

' Drifty consisting of the debris of rocks carried down and 
deported by flowing water in valleys and depresrions in the ground, 
and sometimes on the lower slopes of hills, having been washed down 
by rain from the higher ground, is very irregular in thickness, and 
often discontinuous. The porority of the drift depends on the 
nature of the materials of which it is composed, which aie usually 
gravel and sand, but sometimes consist of less permeable materials 
brought down from the adjacent hills. 

' AUuvial d^posm are very similar in their or^in to drift, but 
they are more regular and extensive ; they are usually composed 
of materials brought from a greater distance, often filling up ancient 
lakes and river-beds, and they consist mainly of sand, gravel, and 
stones, together with clays and marls. Sometimes these permeable 
strata form the surfree layer, and receive their supply of water by 
the direct percolation of the rainfall; but they are often partially 
overlaid by an impervious stratum, under which the ground-water 
Hows for considerable distances. Sand furnishes the most porous 
stratum, being capable of absorbing from one-third to nearly 
one-half its volume of water; whilst gravel and sand can contain 
from one-quarter to three-tentha their volume of water- Numerous 
wells have been sunk into these upper permeable strata for supplying 
water to large towns in the United States. 

* The Chalk is the principal water-bearing stratum for a consider¬ 
able part of the southern portion of England, with its good thickness 
and large outcrop, absorbing 30 per cent, of its volume of water 
on the average, whilst the Graensonds furnish large volumes of 
water, more uniformly distributed throughout them than in the 
Chalk; and both tb^ fonnations yield good supplies to wells 
sunk into them. 1 

' The Nev Rid Sandttone or Trias, though less extensive in area 
in England than the two above-mentioned strata, traverses the 
more rainy western districts, stretching from the Channel on the 
south coast of Devonshire to the Solway Firth, and therefore may 
be regarded as quite as suitable for wells. Moreover, although 
wells have to be sunk to a considerable depth in the New Red 
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Sandstone to reach water, the volume is abundant when found, and 
the water is less hard than that firom the ChaDc. This stratum, 
known as Trias abroad, e>:tends over considerable areas in Europe, 
and also for long distances in North America. 

‘ Other sandsUmci yield large quantities of water prop*ortionate 
to their extent, outcrop, available rainfall on them, and porosity, 
which ranges at least 28 to 7 per cent, in volume in the sand¬ 
stones of the United States, according to their compactness, the 
porous Potsdam and St Peter sandstones having been largely 
resorted to for deriving water supplies from wells. 

' Ltmertones. Water is also drawn from wells sunk in the Oolitic, 
lias, and Magnesian Limestones, both in England and North 
America, but not with the same certainty and :fecfliey as from 
sandstones, since limestones only yield water when extensively 
fissured, and the underground fiow is hable to be obstructed by 
faults. 

' Dip, Outcrop, and Slope. The absorption of rainfall by 
stratified, water-bearing strata at their outcrop is largely aflected 
by their dip, their freedom from a surface covering of an imper¬ 
meable nature, and the fatness or depression of the ground. A 
considerable dip facilitates the descent of the water into the stratum 
along the interstices between the successive layers, but if continued 
for some distance causes the stratum to descend to too great a 
depth below the surface. The infiow of the rain is dependent on the 
permeable outcrop being free from obstruction at the surface by an 
impermeable layer of overlying drift, and the rain is adequately 
retained for percolating into the porous stratum when falling on 
fairly fiat ground, and still more on a valley or depression, whereas 
it would be liable to flow away down a steep slope, and be to a 
great extent lost to the permeable stratum.' ^ 

Yield of Water. Tables showing the absorbent power of various 
rocks as deduced from laboratory experiments are given in various 
works on Building Construction, which show that the amount of 
water absorbed by various rocks is very variable. While compact 
sandstones and limestones absorb but a small amount, soft sand¬ 
stones and oolites absorb a large quantity, and quartaose sands 
absorb still more. But the full power of absorption of a rock, 
which includes both the water of imbibition and of saturation, does 
not represent its water-bearing value. Loose sand or a well-jointed 
sandstone transmits water with the greatest ease; but the presence 
X L. F- Vcmoa-Kaxcourt: Sanity Enfiititring. pp. 4<H4I. 
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of any clayey material greatly reduces the transmitting power. 
Qay absorbs water freely but transmits none; chalk absorbs water 
freely but transmits very slowly. 

Laboratory experiments, moreover, to a great extent ignore the 
joints and fissures usually found in rocks, which admit water freely 
and transmit it with almost equal ease. The water-bearing value 
of strata is in direct ratio of capacity of saturation, and in inverse 
ratio of power of imbibition. 

SURFACfi*WATERS 

' The surface of satuxaUon ordinarily coincides with the " free 
level '* of the subterranean waters at every point in the district, 
although io synclinal basins overlaid by extremely impervious 
formations this is not necessarily the case. In a district the geo¬ 
logical structure of which is of a compact and impervious nature, 
the surface of saturation is often situated at no great depth under- 
ground, and may at times, when the rainfall is heavy, become 
raised until it coincides with the land sur&ce, such a condition 
resulting evidently from the permeability of the land being barely 
adequate to meet the demands of such increased quantity of water 
for a passage throi^h it The land is then said to be water¬ 
logged.'" ^ 

Conditions of Flow. 'There are in general two conditions of which 
the immediate result is the establishment of dow upon the surface. 

‘ Ca9t I. When the surface slope of a considerable tract of land 
is less than the hydraulic gradient required to force the entire 
volume of water through the earth as rapidly as it falls upon it, 
the surface of saturation of the district rises above the surface of 
the land, until a hydraulic gradient is formed adapted to the circum¬ 
stances of the case, and part of the flow takes plaoe over the ground. 
The " hydrauhe surface," as the free surface thus formed may be 
conveniently designated, does not di^r much from the ground 
surface, because the water flowing above ground is comparatively 
from Motional resistance, and a slight fall is enough to produce 
considerable velocity, and to eflect discharge off the surface as fast 
as the tain Ms upon it. 

' In the special cases of rain falling upon froieo ground, or falling 
very heavily, the resistance of the surface to the passage of water 
through it may be so high as to prevent any considerable portion 

> Tudsbery and Brigbtmore; Th« PrincifUt «/ W4ttfworks Eitiinterin^, 
3 rd ed,, pp. n-ij. 
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of it from penetrating the earth, and abnormal flow may be estab¬ 
lished upon the surface, although the true sur&ce of saturation is 
at the time situated at some depth beneath. Those who have had 
experience of severe tropical rains, or of floods caused by the sudden 
melting of large accumolationa of snow, must have been astonished 
to observe the current and the depth of water which may prevail 
temporarily over wide areas of land into which ordinary rainfall 
disappears at once. 

' A similar effect is produced when permeable material has 
accumulated in hollows on more or less impervious rock with a 
sloping surface. Rainfall in the rocky surface is absorbed by tbe 
penneable accumulation, and reappears at its lower edge on the 
surface of tbe rock ; this a casual observer might take to be the 
level of the surface of saturation, whereas the real saturation level 
may be much lower.. 

' When the surface of saturation is high, the smallest depression 
in the land may be sufficient to cause it to issue therefrom, since 
the water-slope In any direction is determined by the facilities 
afforded to the passage of water in that direction. Any hollow 
below the surface of saturation presents to the water in the adjacent 
ground a course of diminished resistance which is naturally taken 
advantage of. In proportion to reduced resistance the surface of 
saturation becomes flattened, until, in the hollow, it issues above 
the ground as a true hydraulic surface. 

* Case II. When, at any place, the surface-slope of the land is 
of higher inchnation than the hydraulic gradient required by the 
flow of the percolating subsoil waters through the rocks, the surface 
of saturation naturally issues above the ground in tbe manner 
described in Case 1. Illustrations of this action frequently occur 
in the streaming vertical faces of sandstone quarries, and in the 
marshy areas often found on steep hillsides. Some of the water 
that enters every ditch is contributed in like manner from the 
adjacent subsoil.' 

' The rills on every hillside, no less than rivers and lakes, owe 
their origin and maintenance to such causes; and it is due jointly 
to the high portion of the surface of saturation and to their un¬ 
dulating character that districts of hard and impervious geological 
structure lend themselves so readily to yield " surface-water "— 
that is to say, water which, after falling upon the earth, is almost 
at once directed by its own gravitating impulse to flow in channels 
on the surface of the land.’ 
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' Forests h&ve en importSAt effect in acting: as lefulators which 
retard the flow of the rain into the streams, thus tending to prevent 
excessive rise of the latter after storms.' ^ 

Dumb wells, absorbing or blind wells, are sometizues sunk 
through impervious rocks into permeable strata, to carry off 
surplus water, and may be used to replenish the underground 
supply, especially where it is largely drawn upon. 


SECTION ni. SPRINGS AND WELLS 
S?BJKGS 

When water ^lls from the clouds in the form of rain or snow, 
sinks into the ground and percolates until it reaches an impermeable 
stratum, appearing again at the surface at a lower level, the out- 
gush is called a spring. The general conditions under which 
springs are met with in Natore are necessarily most varied, dependent 
as they are on the geological structure of the locality, the alternation 
and inclination of pervioua and impervious strata, and their endless 
contortions, dislocations, and &ults. Water-bearing strata are such 
as are of an open, porous, or absorbent nature, and overlie other 
strata of an impermeable quality, the latter serving to retain the 
water in the former. 

Ordinary Springs. Petvicus on Impovions. The simplest case 
under which springs are met with is where a pervious stratum over- 
lies an inclined impervious one, as in fg. 27 , the rain falling upon 



Fic. s?. Spring at outcrop of permeable atratum. 


the surface of the former being delivered at S as a land or shallow- 
seated spring. 

If the impervious substratum be depressed into a hollow or basin, 
the water will necessarily accumulate in the same, and the lower 
part of the porous stratum will become permanently saturated. 
Fig. 28 illustrates such a case, A B S beu^ the Une 0/ siUwatton; 
and inasmuch as the water is sustained pa^y by capillary attrac> 

* Tudsbory and Brigbtmore: Ttu Principles 9/ iVaierworks Engineering, 
3rd ed., pp. 13-16. 
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tion, it will be seen that this line need not necessarily be hori* 
zontal. 

It would at first sight appear strange that the water does not 
rather ooze oat as a sand^oak along the junction of the impervious 
with the pervious bed, than roake its appearance at certain places 
only on this line, and then in the form of continuous gushing 
streams. This, however, is explained by the feet that on the 



Pio. 3$. HoUow coUdctuig water. 


surface of the impermeable bed numerous irregulantios exist 
similar to those on the exposed surface of the land, and these 
conduct the water in definite channels and courses. Rents and 
fissures acting as subterranean drains assist in the concentration 
of the flow of water at certain points. 

Pervi<m9 hebitem two Iwptrvious Beds. Springs are sometimes 
found at the lower outcrop, C (fig. 29 ), of a permeable bed. A, 



Fig. 29. Spring arisiitg from water feUiog on eotexop. 


lying between two others. BB, which arc impermeable. The 
supply, however, is limited to the rainfall on the basset or exposed 
surface of higher outcrop, D, and as much of the drainage from the 
upper impermeable stratum, D, as flows down the sides of the bill 
and is intercepted by the stratum A. Where the strata are inclined 
and dip inwards from a hiJl*slope, a pervious bed between two 
impervious beds will hold more water than when the strata axe 
horizontal. 

The otdlsi of a sprtTtg is often so obscured by debris that the 
spring issues below its natural outlet. If the spring is to be used 
for water-supply the debris must be cleared away—thus obtaining 
additional' head,' and the natural outlet can then be deepened. 
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Intermittent Springs. Where the over^^ pervioue stratum 
is comparatively shallow and of small e:ttent, the sprinp issuing 
from it will generally be of an intermitteut character, being limited 
by the variations of the rainfall; but, on the other hand, where it 
is of considerable extent and depth it acts as a natural storage 
reservoir, and the rain falling at intervals on the upper surface is 
delivered with a uniform fiow. Friction and capillary attraction, 
acting in opposition to gravity, are the chief agents in bringing 
this about. 

Syphon action. There is a class of intermittent springs 
the phenomenon of which is attributed to an action similar to that 
of the syphon. In fig. 30 , B is a permeable stratum lying on an 



Fi<3. 30. SypboB action. 

impermeable one, C, and having a layer of an impermeable material 
above it. The layer, B, may for a moment be conceived as a tube. 
Rain falling on the basset, £ F, will penetrate and descend into the 
pervious stratum, B, and will accumulate in the subterranean 
reservoir, C, until it attains to a level sufRcient to overflow at G, 
appearing in the form of a spring at S- If the part S G C of the 
impervious stratum be regarded as a syphon tube, it will be under¬ 
stood that the water which has accumulated In the basin will be 
drawn over the ridge in the impermeable bed untU the water-level 
has been lowered to a point at which the syphon will cease to act, 
and water will not again issue from the sprii^ until the reservoir 
has received a supply sufficient to bring the syphon again into 
action. A well-known example of such a case may be seen beside 
the road leading from Buxton to Castleton. 

Bournes. It sometimes happens that a permanent spring issues 
at a certain point generally low down in a valley- At intervals of 
a few years it suddenly bursts out farther up the valley, and con¬ 
tinues to flow for some time, when it again ceases as suddenly as 
it arose. Such an outbreak is called a bourne, and is due to the 
saturation line being temporarily raised. 

EhUng and Flowing Springs and Wells near Seacoast. Where 
springs occur on the coast, their flow may be held up by the sea at 
high tide acting as a dam, and be only released at low tide. 
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Fig. 31. Water at outcrop of perineable 
betw««a two impermeablo beds. 


SimiUxJy, the level of water in wells near the coast may fluctuate 
with the tides. 

Line of Saturation. Other conditions under which water occurs 
are illustrated in figs. 31 and 32, In fig. 31, A is an iropermeaWc 
cap of day, resting on a por¬ 
ous bed, B, which in its turn 
rests on an impermeable 
stratum, C. The water which 
fails on A will sink into 
the porous stratum, B, and 
accumulate nearly to the 
level of a 6, at which level 
it is drained by springs, 
breaking out at c. In wells 

simk at s and / the water will rise to the level of the line a d; also, 
in borings m^e at the water wiU probably rise through the 
borehole and overflow the surface, forming what is called an over¬ 
flowing artesian well. It is evident, if the mass A covered the 
permeable strata to a higher level than c, namely, to as high a 
level as the edges of the bed C, then the line of saturation would 

correspond with that upper 
level—a distinction which 
will be sufficiently under¬ 
stood by inspection of fig. 31 
without the aid of another 
diagram. 

Fig. 32 represents the case 
of a basin drained by a river 
and having an incited line 
of saturation. Here A, B, and C represent the same succession of 
strata as in fig. 31. At a is a river, where the water lodged in B 
finds the means of escape; and hence the line of saturation and the 
height to which water will rise in wells become the line a d, drawn 
from the outcrop of C to the mean level of water in the river 
at a. 

It is evident, if any part of the surface of B should lie below 
a b, that we may exp^ to meet with springs breaking out on the 
surface ; and so, if any part of the sorfree at A should lie below 
a then we may expect to overflowing ajrtesian wells, as in 
fig. Si¬ 
lt is probable that the line of saturation cz ^ is not invariably a 



Fro. $g. loclioed Lne of seturatioo. 
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straight line, but in dxy seasons is depressed into a hollow curve 
beneath the straight line, while in wet seasons it swells into a convex 
curve above the straight line. If we concwve it to swell in wet 
seasons to such an extent as to cut the surface. D, at any point to 

the right of the mass, A, we shall have for 
a time a spring flowing at that point. 
This is one mode of accounting for inters 
Tnittent springs. 

Fig. 33 shows an arrangement of strata 
which often prevails in nature, the im¬ 
pervious mass, C, cropping out at very 
FtQ. 33. laelioed line of different levels, a and b. Here the line 
Mtaratioa. of saturation aho will be inclined ffom 

b to A, and at this level the water will 
stand in wells sunk between a and b. 

Fault Springs. Fig, 34 is a section across a valley, B, looking up 
the same, in the neighbcrorhood of a fault. The hills A, C are 
supposed to be formed of a permeable stratum, a a' a", resting on an 
impermeable bed of clay, & 6' V. Between these two hills is a 
valley of denudation, B, towards the head of which the junction 
of the permeable stra¬ 
tum a o' with the clay 
bed h b' produces a 
spring at the point S; 
here the intersection of f,g. origin of two laiida of springs, 
these strata by the de¬ 
nudation of the valley affords a perennial issue to the rain-water 
which falls upon the adjacent upland plain, and, percolating down¬ 
wards through the porous stratum a a', accumulates therein until 
it is discharged by numerous springs in position similai to S, near 
the head and along the sides of the valleys. 

The bill C represents the case of a spring produced by a fault, H. 
The rain that fall< upon this hill between H and J) descends through 
the porous stratum a* to the subjacent beds of clay b*. The 
inclination of this bed directs its course towards the fault H, where 
its progress is intercepted by the dislocation edge of the clay bed b', 
and a spring is formed at the point /. Springs originating in causes 
of rbis kind are of very frequent occurrence, and are easily recog¬ 
nised in cliffs upon the seashore. 

Three such cases may be seen on the banks of the Severn, near 
Bristol, in small faults that traverse the low cliff of red marl and 
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iias on the north-east of the Aust passage. In inland districts the 
fractures which cause these springs are visually less apparent, and 
the issues of water often give to the geologist notice of faults of 
which the form of the surface aflords no visible indication. 

Figs. 3S and 36 show one of the most common modes of occurrence 
where the fault X has caused a dislocation of the strata and brought 
down the impermeable bed A in contact with the porous stratum B. 
Fig. 35 shows the spring breaking out in the valley at X; but the 
same effect sometimes takes place near the tops of hills or on high 
tableland, as at X, fig. 36, especially if the beds in B dip towards X- 



Pjo. 35. Spring io valley 
caosed by faglt. 


Fic, 36. Spriog on hiU 
eaused by &iilt. 


It has been observed by geologists that the occurrence of springs 
in hmestooe districts is one of the best indications of the existence 
of faults. In the Carboniferous district of Gower the limestone is 
traversed by a succession of nearly parallel faults, which range 
across the limestone at right angles to the coast-line. The lines of 
these faults are invariably marked on the surface by a series of 
springs breaking out at difierent levels from that of the sea, up 
almost to the summit of the country. The lower springs are far 
more copious, and some of those near the level of the sea never 
cease to flow, while those at the higher levels are readily affected 
in dry seasons, and often cease for months together to yield a drop 
of water. 

Springs arising from faults, unlike those caused by alternation of 
strata in valleys of denudation, are by no means confined to combs 
or valleys. On the contrary, they often appear on tablelands and 
other iJgh elevations. The great boundary fault of the Dudley 
coal-field, in the neighbourhood of Wolverhampton, where the 
magnesian limestone and Red Sandstone maxis are brought down 
in contact with the Coal Measures, gives rise to numerous springs 
almost at the summit of an elevation district along the maxgin of 
the coal-field. Many of these springs burst up in an almost 
vertical direction, and may be seen in several cases breaking 
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through the hard eorfaces of roads and flowing over into the 

gutters. 

Dyke Springs. Springs are occasionally thrown out by dykes or 
thin layers of impermeable material intersecting a water-bearing 

stratum, as in fig. 37. The 
water will accumulate between 
the .impermeable substratum 
and the dyke, until it makes 
its appearance on the surface 
atS. 

Springs as & Source of 
Supply. lx>ng-contiiiued obser' 
vation is the only safe guide 
for ascertaining the relationship 
which subsists between the flow of a spring and the rainfall upon 
the area from which water is drawn. Springs may more frO' 
quently be utilised as contributing to a supply than as the sole 
source. Sometimes, two or more springs, loo small independ¬ 
ently for the demand to be met, may be led into a common 
reservoir, serving also, perhaps, as a service or town reservoir. One 
advantage to be drawn from the joint utilisation of waters from 
iMerent springs, is that probably their least separate discharges 
will not occur at precisely the same season of the year. Difler- 
ence in the extent, nature, situation, elevation, and distance of their 
respective drainage grounds, and also difference in the lithological 
characters, massif,^ and inclination of the respective strata, may 
bring this about, but always with the advantageous result that the 
periodical diminution of flow in any one spring will be more or less 
neutralised by the more liberal flow from ^e others. 

Welcs 

Wells are either shallow or deep, as explained below; they may 
also be divided into ordinary and artesian. 

Shallow Wells. Wells which are sunk comparatively but a short 
distance into a superficial water-bearing stratum are known as 
shallow wells. They are supplied by the infiltration of rain and 
other water which falls on the adjacent surface of the ground, or 
which is drained &om ponds, cesspools, sewers, rivers, or other 

* A french term for a mouatainoue maw or group of eonsecCed helghte, 
whether Isolated or fonoing part of a larger moa&tainous system. A 
isatsif IS more or leas clearly marked ofl by valleys. 



Fio. 37. Spriog thrown out by a 
dyke. 
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reservoirs and channels. The numerous wells sunk for domestic 
purposes in many villas and towns are, as a rtiie, of this kind. 

are highly objectionable when situated in tht immediate 
neighbourhood of towns, cemeteries, highly cultivated lands, and 
other sources of organic matters ; but localities may frequently be 
discovered where the conditions are ftivourable for sinking them, 
and where at the same time the water will be wholesome and 
comparatively pure. 

The quantify derivable by these means will depend upon the depth 
of the well, the nature and position of the water-bearing stratum 
in which the well is sunk, and the disposition of the impermeable 
stratum below. If the well be sunk in a permeable stratum, as in 
%. 27, the water derived from it will be simply that which, in 
percolating downwards through the pores and fissures, fiows in 
through the »des of the well, because of the diminished re^stance 
to its passage, more quickly and from a larger surface than it can 
filter away through the bottom of the well. This drip water is an 
element in the yield of all shallow wells and of some deep ones. 
In the case of fig. 2S, If the well is carried down below the line of 
saturation A B S, the supply will no longer be limited to the drip 
water, but will be drawn fi’om the subterranean reservoir formed 
by the depression in the underlying impervious stratum. The 
Stance from the ground surface to the line of saturation will 
sometimes vary considerably, even in closely adjacent sites. 
Irregularities or undulations of the retentive substratum may 
divide the geological basin into dl^erent reservoirs with different 
lines of saturation, and thus render the selection of the most favour¬ 
able site a somewhat doubtful task- Shallow wells are frequently 
sunk in the vidnity of rivers and lakes, and are supplied by the 
water filtering through the sands, gravels, or rocky detritus which 
forms their margin. 

Deep Wells. Wells which are supplied by water which has had 
to percolate and filter through large masses of the earth’s crust 
are known as deep wells. The difference between shallow and deep 
wells consists rather in the greater or less distance of the source 
of the water which flows into it than in the actual depth of the 
well; for a deep well, or more properly a de^-seated well, may be 
formed by dnking through a moderately thin bed of clay or rock 
into a water-bearing stratum, whose nearest drainage area or out¬ 
crop is at a considerable distance. 

Causes of Success or Pailure, The conditions which affect the 
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Slices of a well, fair as the yield of water and its level are 
concerned, are so varied, that any attempt to illustrate them with 
an approach to completeness would be futile. The cases which are 
given here must be regarded only as a few types. 

One of the most fre<)uent causes of either success or failure is 
the existence of ^ults in the strata in which a well is sunk, Refer¬ 
ring to fig. 37. let it be supposed that the fault there shown has 
been filled with an impervious material, forming a dyke which 
serves to retain the water is the permeable stratum lying above 
it. A weE sunk, say, at A, in the latter would yield a supply more 
or less abundant according to the extent of the exposed surface of 
that part of the water-bearing stratum, while one sunk on the 
other ox lower side of the fault would evidently be a failure, as far 
as the yield is concerned. If, however, the fault were filled with 
the detritus of the adjacent strata in such a manner as to freely 
admit the passage of the water, it is obvious that the most favourable 
site would be one below the fault, carefuEy selected with regard 
to the position of the fault on plan, and also in such a manner that 
the fault would be intersected by the well; for the water from a 
comparatively large extent of the stratum would be drained into 
the fault and thence into the well. Should the fault not be struck 
in the vertical line of the well, a tunnel or heading driven from the 
well into the fault would have a similar result. 

Wells as a Source of Supply. The waters of ‘ shallow ’ weUs 
are frequently unfit for human consumption. The waters of 
' deep' wells will depend for their characteristics upon the nature 
of the strata through which they have percolated and the soluble 
matters contained therein; they are more free from organic 
matters than river-waters, as they undergo a more or less com¬ 
plete natural filtration; the greater the depth of the well, or 
rather the longer the time which the process occupies, the more 
complete will be the oxidation of the organic matters. 

When compariog different sources on the ground of purity, note 
must be taken of the possibility of contamination at future periods, 
such as by mineral workiags in mountain districts, or by the 
cultivation of the land, or the increase of population in the district. 
Of all sources, deep wells are least liable to have the quality of their 
water injured by such causes, because of the great depth of natural 
filtration which the waters undergo. 

Artesian Springs and WeUs. In fig. 38, A and C are beds of 
day or other impervious material, and B is a water-bearing 
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stratum. Water will accumulate in the hollow of the lower 
impervious stratum until it is pressed upwards against the under 
&de of the upper one 
by hydrostatic force. 

If, therefore, a well be 
sunk or a hole bored, 
say at K, the water will 
rise toa level determined pio. 38. Watar held down ia powa bed by 
by this hydrostatic pres- saperiuposed impervioas stratum, 
sure. Such wells are 

called artesian, from the French province of Artois, where they are 
very common, and were executed with the greatest success as far 
back as the twelfth century. If the upper surface of the impervious 
stratum be below the le^ determined by the hydrostatic force 
just mentioned, a borehole through the impervious stratum at that 
point will give rise to an overAowing artesian well A natural 
fissure in the impermeable stratum will, under similar circumstances, 




FiO. 30 . Natural fissut« fivuif rise to art«»iaa wen. 


give rise to an artesian spring. In fig. 39 these conditions are 
illustrated. The rise of the water from the borehole at A, or the 
spring at S, will be seen to depend on the elevation of the outaop 
of the pervious stratum at B. 

* The epithet artesian” has been often indiscriminately 
applied to all deep wells formed by borings; but it is more correctly 
confined to those wells in which the water rises up with some force 
to the sur^e, and overflows, in consequence of the hydrostatic 
pressure of the water contained in the higher parts of a permeable 
stratum which the well has pierced. Wells, accordingly, to be 
really artesian, must be located in a valley, or on low-lying ground 
in relation to the sutrotaiding district, so that the permeable 
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stratum, enclosed between two impervious beds, into which the 
boring is earned, may rise sufficiently on one or both rides above 
the surface level at the site of the well, before reaching its outcrop, 
for the hydrostatic pressure in the stratum to overcome the irictional 
resistance to the flow of the water through the stratum and up the 
well, 

* The success of an artesian boring evidently depends upon the 
complete enclosure of the water-bearing stratum between imperme¬ 
able beds underground, the height of the outcrop of the water¬ 
bearing stratum in relation to the level of the ground at the site 
of the well, and the perfect continuity of the stratum between its 
outcrop and the well' * 

Sub-arteri&n Wells. ' Often the elevation of the outcrop of the 
water-bearing stratum, though insufficient to maJee the water 
overflow from a well situated in low-lying ground, is, nevertheless, 
ade^^uate to raise the water in the well considerably above the level 
at which the water was first met with in piercing the water-bearing 
stratum in a dip. Such a well is somewhat artesian in character, 
or " sub'artesian " as it has been termed; and the pumping 
required to raise the water to the surface is proportionately 
diminished The discharge from artesian wells is frequently 
reduced, and sometimes ceases altogether to overflow, when other 
borings are sunk into the same stratum, bringing the wells down 
to the sub-artesian type of well just described. This result is due 
to the lowering of ^e general plane of saturation in the water¬ 
bearing stratum, and the consequent decrease in the hydrostatic 
pressure by the increased draught on the water; it is most 
apparent when the new borings are carried lower down into the 
water-bearing stratum than the old ones, and when the extent of 
the outcrop of the stratum is relatively small,' * 

Prospecting for Water 

In addition to collecting all local information with regard to 
rainfall and the pemanency of flow of springs, streams, and 
rivers, the engineer who is seeking for reliable sprii^ or sites 
for wells must make a careful investigation of the geology of the 
district, 

In Great Britain geological maps are available for most districts. 

* L. F. VerooQ'HareQuit: Eitfinfmnf, pp. 54-55, 

* L. P. Vempn-HarcpDct: Jbi 4 ., pp. 56-57. 
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but even these must be supplemented by a detailed examination as 
explained in Chapter VI, seeing that local variations cannot be 
depicted on any smaU scale map. The lithological character of 
formations often varies considerably and water-bearing strata are 
frequently discontinuous, Where no map exists a complete 
geological survey must be made. 

Having collected all necessary infonnation and made sufficient 
traverses (see Chapter VI), geological sections should be prepared 
to show: 

The nature of the rocks and their structure, including uncon¬ 
formity, overlap, inclmation, and fruits. 

The thickness of strata and breadth of outcrop of water-bearing 
and other formations. 

The nature of the superficial layer. 

fVaUr Divining. When prospecting for water the engineer will 
do well to call in the aid of a well-known water diviner, and collate 
the information thus obtained with the geological considerations 
as noted above. 

There can be no doubt, in spite of the prejudice against this 
fret, that from medisval times up to the present time water 
divining or ^wsing has been successfully used to find water. The 
late Sir William Barrett, whose investigations are recorded by 
Mi Theodore Besterman in Dmni/tg Rod, published is 1926, in 
a letter to Tfu Tiifus in 1905 stated tbat 'making a liberal allow¬ 
ance for failures of which I have not heard, 1 have no hesitation 
in saying that where fissure water erists and the discovery of 
underground water sufficient for a domestic supply is a matter of 
the utmost difficulty, the chances of success with a good dowser 
far exceed mere lucky hits, or the success obtained by the most 
skilled observer, even with full knowledge of the local geology.' 

Many instances of successful dowsing are given in TAo Divining 
—notably at Waterford in or about 1888—and in a smaller 
book, Waior Divining, by Theodore Besterman, published in 1938, 
and the evidence in favour of successful dowsing continues to 
accumulate. 

On the question as to hw it is dom, many and diverse theories 
have been put forward, but whatever may turn out to be the cause 
of the dowsing faculty, the engineer may content himself with 
the knowledge that water diviners have been employed or recom¬ 
mended to be employed by at least five County Councib, seven 
Urban District Councils, and forty-two Rural District Councils 
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within the last few years in the United ICingdom, and that water 
diviners are much employed abroad. 



Fig. 40. Soriace c»f satuTatiro near a rirar. 


SECTION rV. ROTES 

How of Water. ' Rivers are channels that maintain a perennial 
though ever-varying discharge. The formation of a river is due 
to precisely the same cause as that of the smallest rill. It owes 
its maintenance to the rainfall of its district preserving the level 
of the surface of saturation above the natural hollow that forms 
iU bed. The occurrence of river-valleys, small originally, but ever 
widening and deepening by the crorion due to the scour and fretting 
of their currenU (see Chapter I), oSers to the water percolating 
through adjacent land a course of less resistance than that of the 

interior of the rocks: the 
subterranean waters gravid 
tate towards the bottom of 
the valley ; the surface of 
saturation is depressed in 
the vidnity, rapidly at first, 
but Battening as the river 
is approached (see fig. 40), 
and emerges from the 
ground coincident with the hydraulic surface of the river. The water 
flowing in rivers is contributed in three ways: directly, by adven¬ 
titious surfoce Bow and by rain; indirectly, by rivulets and ditches, 
which tributaries derive their own flow as miniature rivers; and, 
normally, by the percolating land-water that enters their beds under 
the hydraulic head of the neighbouring subterranean waters. The 
last-mentioned form of contribution is sometimes peculiarly marked 
by the evident increase in the size of rivers, without the apparent 
cause that is afiorded by the junction of the tributaries. Thus, 
in defining the watershed or catchment area of a river, it is necessary 
to consider not only the superficial extent of land that discharges 
surface-water into it, but, further, the area from which xuider- 
ground water is contributed to it—two elements that are seldom 
coincident,' * 

Fluctuatioos in flow are referred to more fully in Chapter XII, 
Section 1 . 

Quality of Water Dependent upon Strata. The water found in 

^ Tudsbery aad Brjghtmora; TJu PrindfiUt 9/ Waltroforks £nfi>u^ng, 
Srd ed., pp. i9-«o. 
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river?, streams, and lakes is tliat which has been immediately drdned 
into them from the surftice of the land or that which having 
been previously absorbed by porous strata, has fed them in the 
shape of springs; or, that which has been drained into them by 
artihcial means. In any case, however, the nature of the foreign 
matter contained in river-water will depend upon the nature of the 
strata through which it has percolated and over which it has flowed. 

Where the rain falls on impervious strata, such as granite, it runs 
ofi the surface without encountering any substances which it can 
dissolve to any great extent; it therefore remains comparatively 
free irom foreign matters. The water from rivers and lakes in such 
districts approaches more nearly the nature of rain than any ether 
natural water. It is the softest of river-water, and hs solvent 
powers are therefore comparatively high. 

The next waters are the rivers which have passed over or through 
districts containing carhonaU of Umo in some form or other. They 
vary but little in the nature of their inorganic constituents (consist¬ 
ing principally of carbonate of lime, sulphate of lime, carbonate of 
magnesia, chloride of sodium), but vary very considerably in 
the total quantities of these substances, and the proportions of 
them one to the other in the several waters. 

Much has been said in favour of a supply from large rivers on 
sanitary grounds. The water is usually softer than that derived 
from wells, springs, and small streams, and contains a less amount 
of mineral s^ts than either of these, at the same time that it is 
commonly more impregnated with organic matter. A large river 
flowing over many geological formations and many different 
varieties of soils may naturally be expected to take up in solution 
a variety of mineral matters, and therefore to present a greater 
number of ingredients than water derived from a more Umited 
area; and this is generally found to be the peculiar character of 
river-water. 

It must be remembered, however, that rivers which drain large 
areas of cultivated land, and into which the sewage of towns on 
their banks must sooner or later, and in either a crude or modified 
form, find its way, are always open to suspicion. 

The self-purificalion of streams during their flow has engaged 
much attention; and, although it must be conceded that such 
action does take place, it is infinitely less effective than the natural 
processes of filtration and distillation. Further information with 
regard to this subject must be sought elsewhere. 
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Bivef Schemes. In these, water is drawn from a stream or river 
whose flow is greatly in excess of the quantity to be abstracted. 
This excess makes one of the chief difierences between river schemes 
and impounding or gravitation schemes; inasmuch as, in the 
latter, storage reservoirs, to equalise the supply and demand, are 
essential, whereas in the former, reservoirs for such purposes are, 
except in very rare cases, quite unnecessary. It is sufficient that the 
smallest dry-weatberflowofthe river is solargeasnot to he injuriously 
aflected by the withdrawal of the quantity required for the works. 

The great experience and care^ observation necessary for the 
success of large gravitation works may be here largely dispensed 
with—that is, as ^ as ensuring an abundant supply is concerned. 
The larger the stream, the smaller, proportionately, will be the 
variation in its flow at different seasons. The greater extent of the 
drain^e area will alone be a moderator of the effects of irregu- 
laiities in rainfall; and even more so will be the existence in that 
drainage area of absorbent strata serving to retain the rain-water 
only to yield it again in the form of perennial springs. And thus 
it is that droughts which would threaten the complete failure of 
impounding works need scarcely be regarded in connection with 
river schemes. 

Plow of Streams and Rivers. ' The discharge of watercourses, 
which constitutes the available rainfall of the basins aduch they 
drain, with the exception of any springs flowing straight into the 
sea, or any water which may be drawn off from underground 
sources, varies with the conditions which, as already pointed ont, 
affect the flow of the rainfall off the ground. The strata forming the 
upper portion of the basins of rivers on high ground are generally 
impermeable, the fall of the upper river is large, and the rainf^ 
greater than on the lower ground. Accordingly, the flow of streams 
draining the higher portions of river basins is usually very irregular, 
the streams rising rapidly in high flood during rainy weather, and 
running almost dry in dry weather. In the lower part of a river 
basin, on the contrary, the ground is commonly somewhat alluvial, 
and therefore permeable, the fall of the river is reduced, and the 
discharge, being derived from a much larger area, is much more 
uniform, and less liable to sudden variations from great fluctuations 
in rainfall usually limited in extent. Rivers, consequently, in the 
lower part of their course, besides having necessarily a much larger 
discharge, possess a more regular flow; and even in tropical 
countries, the main rivers draining large basins subject to varied 
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meteorological conditions still mamtsm a dischaxge in tbe dry 
season. Moreover, sometimes rivers rising in mountainous districts 
with a large rainfsU. eventually in their course to the sea traverse 
almost rainiess districts, bringing water to these arid tracts, which 
would be uninhabitable without them, of which the HUe and the 
Indus furnish typical instances/ ^ 

Rivers, however, do not necessarily have a larger discharge in the 
lower parts of their course, s.g. the Nile, where enormous quantities 
of water are lost in the Sudd regions (see Sir W. WiUcock’s Report 
on AstMon Darn and Egypt Fifty Years Hence). Again, sometimes 
rivers disappear underground, or a large portion of the discharge 
will flow underground to appear above ground again farther down. 
Some rivers of considerable volume in hilly country dry up and 
disappear altogether in the sandy deserts lying at the foot of the 
hills. 

The following particulars of the summer discharge of rivers, 
taken friom Mr Bwdmore’s AftTwal. are of value in connection 
with this subject, as showing the powerful influence of retentiveness 
in the geological character of the drainage ground acting even in 
cppotition to the moderating efiect of extent 


Table III. SUMMER DISCHARGE OP RIVERS 
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The larger percentage of summer discharge in the case of the 
chalk rivers may be explained as follows. Rivers flowing in a clay 

> L. P. Vemoa-HaKOurt: Ssnitery Enginemni, p. 24. 
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basm axe ooly fed by iht rain falling: within the actual basin; 
and as this radn evaporates very slowly in winter and very rapidly 
in summer, such rivers are subject to g^eat winter floo^ and to 
severe summer droughts. The flow in chalk districts is, however, 
much more uniform, because the rivers are fed by springs as well 
as by surface drainage; hence the water stored up in the sub' 
terranean reservoirs is discharged by chalk rivers even in the 
driest seasons. In fact, they draw their supplies from areas beyond 
their actual basin, and their discharge is much more uniXorm 
throughout the year than in most other rivers, 

SECnOK V. lAEES AND IMPOUNDING BESERVOIRS 
Compararive Advantages. ' The purest supplies of water are 
obtain^ from lakes in hilly districts, and from impounding 
reservoirs formed by dams enclosing the valleys of mountain 
streams, especially where the lands draining into them are devoid 
of habitations and culture. Moreover, the rainfall in mountainous 
districts is, under ordinary coaditions, considerably greater than 
on lower ground; as the hiHs are commonly formed of im¬ 
permeable strata, and the slopes of their sides are steep, a large 
proportion of the rain^U flows down them into the valley below. 
Accordingly, with a large available rainfall out of a considerable 
total fall, the flow of a given drainage area is much greater in such 
regions than elsewhere; whilst the loss from evaporation, both 
over the land and the reservoir, is reduced by the comparative 
coldness of high altitudes. The catchment basins of mountain 
streams are, indeed, necessarily very much smaller than those of 
rivers in the lower portion of their course; but lakes converted into 
reservoirs for water-supply, and artifldal impounding reservoirs, 
possess the very important advantage of storing up the surplus 
flow in flood-time for use during dry weather. These reservoirs 
of water, moreover, when situated in high, mountainous country, 
enjoy the further merits of being free from sources of pollution, 
and of bdng at a sufficient elevation above the district to be 
supplied, for the water to be conveyed by gravitation to the service 
reservoirs.’ * 

^ h. F. Versoa-Harcourt: Sanitary Sngitwnng, p. 6 i, 
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DRA2KA<3e Arias 

The source of supply in graNdtation works is the rainfoU upon 
th f gathering ground or catchment basin, a tract of land more or 
less completely bounded by ridge lines, or more properly water¬ 
shed lines. This latter distinction is necessary, because the hydro- 
graphical basin is not neceasarily coinddent with that traced from 
surface contours. Valleys of denudation on an anticlinal axis, 
for instance, where permeable strata are superimposed, would show 
from suifece contours a gathering ground larger than the drainage 
area really available for the impounding of water, and vice v$rsa. 
In impervious or rocky districts the case is simplified to one of 
surface observations. 

Ska of Catchment Area. ^ Unusually heavy fails of rain are 
the determining causes of the excessive floods that occur on 
catchment areas; and, as might be supposed, the relative magnitude 
of such floods is greater in the smaller areas. 

' There arc two reasons for the decrease of the rate of flood 
discha^e as the catchment area increases : (i) Extremely heavy 
falls only last for a short time, and rain feUtog in the remote 
portions of a large watershed takes appreciably longer to flow to 
the place of discharge than does the rain precipitated at more 
central parts ; so the duration of the flood is prolonged, whilst its 
intensity is diminished. («) Heavy fells of rain, occurring only 
locally over limited areas, naturally aflect but slightly the discharge 
from extensive watersheds. 

' It is useful to remember that i inch of rainfall per twenty-four 
hours over looo acres is approximately equivalent to 42 cubic feet per 
second. Also that a fell at the rate of i inch per hour corresponds 
with a discharge of 1 cubic foot per second of an area of x sUtute 
acre' ^ 

Determination of Yield from Catchment Area. To arrive at the 
available yield from a catchment area the following pointe should 
be conridered 

(1) The available rainfall. 

(2) The quantity of rainfall lost by evaporation and absorption 

by vegetation- 

(3) The geological structure. 

» Tudehery and Brightmore: Ths Prin^ WMfvcrks £t.fm«nag, 
3rd ed.. pp. 40-4*« 
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(4) llie amount of percolation into and out of the area. 

(5) The maximum period during which the available supply falls 

short of the demand. 

Available Bainfail, The gathering ground having been deter- 
mined, and its axea ascertained, an estimate has to be made of the 
available ralofall upon that area. 

The available fall is a quantity more or less short of the mean 
fall—how much so remains to be seen. The mean annual fall is 
referred to in Section I, and the first deduction from this is one 
rendered necessary by the variations in the amount of fall. The 
extent of the variations, as already stated, is found to be about 
two-tbirds of the mean fall—that is, one-third in excess and one- 
third in defect. Were the whole of the rainfall (neglecting for 
a moment the loss by evaporation) to be impounded, and a uniform 
quantity, equal to the mean fall, to be discharged from the reservoir, 
the storage capacity of the reservoir would have to be far greater 
in proportion to the supply than has hitherto been found economical. 
The greater the mean supply (rainfall) compared with the mean 
demand, the less will be the storage capacity required to ensure 
the demand being regularly met; and it is now the practice to 
consider as available no more than the mean fall for three con¬ 
secutive dry years, and to secure a gathering ground correspondingly 
large. Where an extension of catchment area presents difficulties, 
and an increase of storage capadty unusual facilities, a modification 
of this practice nay be advantageous. The mean foil in three 
consecutive dry years is found to be, with remarkable regtilarity, 
one-sixth less than the mean fall, and this deduction is therefore 
always made; the one-sixth passes away in doods which the 
reservoir is not large enough to impound. 

The next deduction is for the loss by evaporation and absorption, 
which varies in this country from about 9 to 19 inches pet annum 
{vid6 Section 1 ); an estimate of it for any case can be formed ordy 
from careful observation and experienced judgment. The actual 
loss for a particular period may be found by comparing the gaugings 
of the stream or stream's bed from the drainage ground vrith the 
returns from the rain-gauges for the same period. The difreience 
will, of conrse, give the loss for that period. If the period of 
stream-gauging be one in which the rainfall has proved to be less 
than the mean annual fall, the proportionate loss shown by the 
gaugings will be greater than the proportionate mean loss, and 
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vkt versa. fbi short periods require to be treated mth 

the greatest caution, and in inexperienced hands would be almost 
sure to lead to erroneous conclusions. 

Ratio of Runoff from a Cakhmeni Arta to Total Rainfall on the 
Catchment. A table of the proportion of rain^Jl running ofi into 
outfalls, from observations at Nagpur by A. Binnie, is given in 
Molesworth's Pocket Book, a^lh ed., p, 319. Captain A. ff. Garrett, 
R.E., states that he has tested these in the Central Provinces, 
India, and found them remarkably correct'^eneraJJy within 5 
per cent. Probably similar percentages would bold in other parts 
of the world. In Rajputana, he says, they generally took for new 
projects 10 per cent, run-oil from sandy catchments and 20 per 
cent, from billy ones, though in exceptional cases as much as 
70 per cent, has been obtained off bare rocky catchments. It is, 
however, almost impossible to make an accurate estimate unless 
there are previous records to go on. 

In the case of the Tendula project, in the Central Provinces, for 
a storage tank to impound z8 square miles of water. Captain 
Garrett worked out the probabb supply as follows 

Catchment area is over 300 $q. miles in two valleys. Rain- 
gauges were established in the centre of each vaUey and read for two 
years and compared with readings from the gauge at Dbamtari. 
some 30 miles distant, of which there were records for thirty years. 
By taking proportions, the mean rainfall of the Tendida catchment 
for past thirty years was then worked out, taking the Dhamtari 
records as basis. At the same time the Tendula river was carefully 
gauged daily for two years—the gauges being read every four hours 
during high floods. From the results of these gaugings the per¬ 
centage of run-ofi was calculated and a cimve was plotted showing 
the percentage run-off after 20, 25, 30, 35, 40 inches of rain had 
fallen. From this curve the yield for each of the thirty years was 
then deduced from the calculated mean Tendula rainfall. Again, 
ffom the rainfall statistics it was possible to estimate when water 
would have been required for irrigation. Allowing for water drawn 
off for irrigation, and 5 feet loss annually for evaporation and 
absorption, it was possible to completely trace the working of the 
whob scheme, supposing it bad b^n in existence for thirty years, 
and thus to form a very fairly reliable forecast of its working in 
the future. 

Loss by Eraporation. ' The portion of the rainfall which finds 
its way into the streams or springs draining a catchment area that 
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is but slightly ]>eraeable depends largely upon the activity and 
extent of evaporation and the absorption of water by plant life. 
Tbe subject of evaporation has already been alluded to i^ide 
Section I); its effect is naturally more marked in flat than in hilly 
districts from which water rapidly flows away, and is in a peculiar 
degree dependent upon the distribution of rainfUl throughout the 
year. In valleys with steep bills on each side, subject to a heavy 
rainfall, the loss from evaporation in this country during the 
winter is iosigniflcant. In dry districts it frequently happens 
that during the summer months nearly the whole of the rainfall 
disappears.’ ^ 

The geological structure is extremely important in estimating 
the capacity of a drainage area. It is not alone the rain which fails 
on the sloping surface of the hills and finds its way by gravitation 
to the lower levels, but the effect of springs is also often very great 
in augmenting tbe quantity of water, hfr Beardmore relates an 
instance where an oolitic district was found discharging a very 
large quantity of water with scarcely any drainage area lying above 
or beyond it. In this case the porous strata, with a very small dip 
cropping out on the sides of the valley, were delivering the water 
which filtered into them far beyond the limits of the drainage area, 
as indicated by tbe levels of tbe surface. In ^t, many districts 
will be found to have a geological drainage area as well as a surfoce 
drainage; and it often happens that the former is far the most 
important of the two. 

The geological maps of the Ordnance Survey will be useful in 
studymg the geological structure, but as these maps only shew the 
undtflying rocks and do not give sufficient information as to the 
surface when covered with drift, gravel, etc., the methods of 
observation alluded to in Chapter VI. Section I, should be followed. 

Percolation necessarily depends on tbe geological structure. It 
is not only the percolation otti of the catchment area which has to 
be taken into account, but the possible percolation into the area. 

Percolation out of the area may be due to fissures in rock in the 
valley bed above the point where a natural or artificial reservoir is 
or has to be formed; or to pervious strata dipping outwards on one 
or other sides of the valley. Various projects in India and clse< 
where have been spoilt owing to a rocky bed having been considered 
to be watertight, when there was actuallyhidden leakage due to fissures. 

^ 'Xadsbery and Brightmore: Tht Frinoiplu ttj WaUrroOfha 
3Pd ©d.. p. 49. 
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If on one side of the main valley of the catchment area there is 
a permeable layer dipping away from the* valley, this layer will 
cany off much of the rain falling on its outcrop. 

Similarly, if there is a permeable layer on the other ^de of the 
valley which dips towards the valley, it will bring into the valley 
rain-water falling on its outaop on the reverse side of the hill or 
slope containing the valley. 

In all cases where the surface is more or less porous (as much of 
it will be in any average catchment area), some part tk the water 
will sink in to a considerable depth, especially in districts where 
there is much limeetose, chalk-beds or sands, etc., and whether 
this water will again come to the surface in the catchment area 
depends on the onderlying permeable and impermeable strata. 

Percolation also depends on the slo^e cf th^ ground, which also 
affects the loss by evaporation, for on steep slopes the water will 
run off quickly and percolation be less than on flatter ground. 

Likewise tbe raic of fiow of rainfall affects the percolation—less 
being absorbed when the flow is rapid than when it is slow. 

Lakes 

' Katural reservoirs are provided by lakes, formed generally by 
a depressioD in a mountain valley th^gh which a river flows, in 
which the water is retained by a ridge of rock across the valley at 
its lower end, and over which it has to rise before the river flowing 
in at the upper end can continue its course down the vaDey below. 
The lake, in regulating the flow, stores up to some extent over its 
large area the flood discharge of the river above; and it also acts 
aa an immense settling basin, in which all the sediment brought 
down by the river is gradually deposited as the current is checked 
on entering tbe lake. A notable example of this result is furnished 
by the River Rhone, which enters the Lake of Geneva as a very 
muddy, glader>fed river, and emerges at Geneva as pure and blue 
as the waters of the lake. The value of lakes as storage reservoirs 
depends upon the discharge of the river flowing into them together 
with the flow of their own gathering-ground, and the freedom of 
the drainage area and the ^ores of the lake from sources of 
pollution.' ‘ 

Advantages. ' Lak«, by their very existence, prove that the 
strata forming their basin are thoroughly watertight, which is an 
essential condition in a reservoir. Another advantage possessed by 
i I, P. V«mo® HartouTt: SAniiary p. 35. 
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lakes for conversion into reservoirs is the existence of a rocky 
barher across their outlet, which is a cause of their e:tisteDce; for 
the water discharged from them would have worn away any soft 
obstruction.' * 


IU?OUHDIKG RsssRvoras 

Sites. The suitability of a site for an impounding reservoir 
depends on (a) the elevation being suffident; (6) the catchment 
area being suitable and sufficient; fr) the capadty being satis¬ 
factory ; and the geological features of the site as a whole, 
Indudiog the area to be covered and the site for a dam. 

Eleration. ’ In the selection of sites, the engineer naturally 
chooses positions which, whilst suffidently elevated to ensure the 
gravitation of the water to the district to be supplied, and a proper 
pressure throughout the entire system of distributing pipes, appear 
to lend themselves to the impounding of the required volume of 
water with the greater fadlity and economy of construction.' * 

Catchment Area. See above under ' Drainage Areas.' 

Capadty. 'In order that a storage reservoir may ensure the 
provision of a definite daily supply, its capadty must be sufficient 
for it to be able to continue supplyii^ the requisite daily volume 
throughout the longest period during which there may not be 
enough rain over the drainage vea for the reservoir to be appred- 
ably replenished. The daily volume required to be furnished 
mi^t, in addition to the water-supply, include the compensation 
water and loss from evaporation; and this volume, multiplied by 
the number of consecutive days during which practically no flow 
off the gathering ground may reach the reservoir, gives the required 
capadty of the reservoir for storage. This period of drought varies 
with the locality, being much shorter in very rainy districts, and 
over extensive drainage areas, than in dry places with limited 
gatheiij^ grounds, where the variations from the mean rainfall 
are greater; and the longest droughts occur in those tropical 
regions where the periodical rains are very irregular, falling some¬ 
times to a great extent during the rainy season, and occasionally 
in some parts during two rainy seasons in suaession.' * 

Oeological restores. ' Simultaneously with the favourableness of 

^ L. P. Veraon-Kercourt: Saxii<»ty Siti inttri ng. pp. Sz-Sz. 

* Tudsbery BhghtinorB: Th* Principl$4 of Waurworkt Afigttwmnj, 
3Xd ed.. p. i8e. 

' L. F. Venioa*Harceurt: Sanii^y Engin*«ri*tf. pp. 92-^> 
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the site for capacity, and for the fbimatioa of the bank in point 
of dimensions, the geological features must be carefully regarded, 
in order that a watertight reservoir may be constructed. The 
valle}^ of mountain streams draining uninhabited and uncultivated 
distiicU afiord the most favourable sites for impounding reHrvoirs. 
owing to their freedom from pollution, and because, from their 
situation, they are exposed to a heavy rainfrll, a large proportion 
of which, failing on very sloping impermeable strata, finds its way 
into the watercourse draining the v^ey.' * 

The most suitable stie is on rock, in a narrow gorge at the end of 
a frurly wide and fiat valley, which is not liable to pollution and 
can be easily dosed by a dam. 

In many parts of the world valleys are formed by the erosion of 
anticlinal folds. These are undesirable as reservoir sites if any of 
the rocks forming the sides of the valley are porous; for, dipping 
away from the sides of the valley, as they must do, owing to the 
geological formation, leakage through the porous strata will be very 
difficult to prevent. 

The ar$a tc bt covered by the reservoir must be adequately im* 
permeable and continuous throughout so as to be perfectly water¬ 
tight, or capable of being readily made impervious in small defective 
places by layers of clay puddla 

If any porous strata be intersected it will be necessary to study 
thdr dip, for if it be away from the valley, such strata will only 
drain the reservoir of its contents; but if the valley be on a syndinal 
axis, the porous strata, if any, dipping towards the reservoir will, 
on the other hand, serve to augment its waters by tbe inflow of 
ftpringd which modt likely will be perennial. Cracks and fissures 
in rocks are frequently sources of leakage from reservoirs, and 
special means should be taken to stop all such as are discovered, by 
the introduction of concrete and puddle. The reservoirs of the 
Manchester Waterworks, situated on the Lower Coal Measures and 
the Millstone Grit, presented many difficulties in this respect. The 
mountain limestone also is full of fUsures, by which the water is 
almost sure to be drained away. Where excavations axe conducted 
in the interior of a reservoir, care must be taken not to cut through 
a sound watertight bottom, and expose a pervious stratum into 
which the impounded waW may escape. 

The best material for the bed of a reservoir is hard unfissured 
rock or compart clay. Limestone is unsuitable owing to tendency 
‘ L. F. V«njon*Harcoart: Scnittify p. 8x. 



156 GEOLOGY FOR ENGINEERS 

to fissures, end because it imparts hardness to the water, and 
gravel is, of course, higWy objectionable. But either of these arc 
suitable if covered with a layer of compact day which ia continuous 
and watertight, and covers the whole area without a break. 

The Dam. A narrow part of the valley should, if possible, be 
selected for the dam, so as to reduce its length, and a site where the 
valley widens ont considerably above the go^ for some distance 
so as to provide an exten^ve area for the reservoir. 

Suitable sites for dams are often found just below the junction 
of two or more streams, as in such cases two or more valleys are 
available as storage ba^ns. 

It is also most important in selectii^ sites for storage reservoirs 
to see that a suitable position for the waste weir is available, so that 
floods may be discharged harmlessly, 

It is very necessary to see that the banks supporting the dam 
show no tendency to landslips. The strike of the rocks in the 
valley is also important, the best site for a dam being where the 
strike of the rocks is parallel to the length of the dam. Again, 
where the dips of the rocks are upstream, sites for dams are 
preferable to where the dips are downstream. 

Trial Pits. When the site of the dam has been provisionally 
selected, trial pits should be sunk at fairly close intervals along the 
proposed centre line of the puddle trench. These trial pits should 
be wide enough to expose a sufficient area to enable the strata to 
be carefuUy examined as to their suitability for the purpose intended. 

SECTION 71 . QUALITY OF WATER 
Impukihes 

Absolutely pure water is not to be obtained in Nature; and 
fortunately it is not essential nor even desirable for the purposes 
of animal and vegetable life. 

Raiu-wator usually contains ammonia, and in or near towns is 
always tainted with various imparities, chiefly due to smoke from 
household fires and manufactories. 

Spring and Well-water contain numerous mineral substances, 
chiefly salts and gases, of great variety. The quality of such 
water is much aflected by the rocks through which it passes, and 
water obtained from surface deposits usually contains some organic 
matter. The salts of soda, p^ash, magnesia, etc., will also be 
taken up, as well as sulphuric add from decomposition. The 
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actual quantity of saline and other ingredients will, however, be 
less in amount in deep than in fallow wells. 

River-water contains, in addition to the various substances 
obtained from springs and rocks over which the stream passes, 
a quantity of organic matter, both of animal and vegetable origin, 
which in the neighbourhood of towns may include some sewage 
matter. The decomposing matter is, however, rapidly removed, 
partly by aeration and partly by bacteriological action. 

Purest Water. Spring water is generally the purest as far as 
regards admixture with organic matter; but on the whole, and 
for most economic purposes, the best water is that obtained from 
mountainous or hilly districts, where there is abundant rainfall, 
and where the rain is collected on a surface of hard rock containing 
httle limestone and no other soluble mineral. 

Potability of Water * 

The potability or suitability foe drinking purposes of water is 
dependent on: 

(1) Bacteriological purity. 

(2) Physical purity. 

(3) Chemical purity. 

Bacteriological Purity. While the freedom of drinking-water 
from forma of bacteria known to produce disease is of more import¬ 
ance than any other characteristic, the best method of obtaining 
such freedom is lately outside the province of the engineer, who 
most rely on the sanitary expert for advice on this subject. 
Bacteriological impurity can, however, be largely avoided by care 
in selection of cat^ment areas and sites of reservoirs. 

It is eminently desirable that, when rain falls after a considerable 
period of drought, the first run-ofl should be diverted from the 
reservoir; but when this course is impracticable entire reliance must 
be placed on filtration, and in the selection of media for filtration 
either for filter beds or for mechanical filter plants, the engineer 
who knows something of geology should be able to assist the 
sanitary expert. 

Physical Purity- Under this licad come taste, odour, colour, 
and turbidity, 

TasU and Odour. These are uncertain indications of the quality 
of the water from a hygienic point of view. Waters foully polluted 
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with orgaiuc matters are often so palatable that they have been 
preferred by the public to much purer waters. Any badly tasting 
or smeUing water should be rejected or purified before use. 
Suspended animal organic matter often gives a peculiar' taste, so 
also vegetable matter in stagnant waters. Some growing plants 
such as Lemma and Fistia give a bitter taste ; but most growing 
plants have no taste. Dissolved animal matter is frequently quite 
tasteless. As regards dissolved mineral matters, taste is of little 
use and difiers much in difierent persons. Iron when present to 
the extent of one-fifth of a grain to the gallon, and salt to the extent 
of seventy-five grains to the gallon, are detectable by taste. 

The test of odour is unreliable, and odour may be evident in waters 
which are considerably polluted by sewage. 

Many odours are due to the growth of minute organisms, spedally 
of a%ae. 

A distinctly putrid odour is characteristic of large quantities 
of decomposing animal and vegetable matter, and a urinous odour 
is sometimes perceptible when large quantities of fresh sewage 
have gained access to water. The rotten-egg odour of sulphuretted 
hydrogen and that of coal-gas is distinctive. The presence of any 
of these last-named odours would condemn the waters, except 
in the case of waters naturally charged with the sulphuretted 
hydrogen and free from animal pollution. 

Crenothiix, a fungoid growth, has occasionally given rise to 
disagreeable odour and taste in water supplied. 

As a means of destroying alg^, coofervoid, and other vegetable 
growths in water in which they are producing a bad taste and smell, 
the addition of copper or chlorine is of considerable value. Many 
American observers report favourably on the use of copper in this 
respect. 

CohuT. Perfectly pure water has a bluish tint, but many good 
waters have either a greenish-yellow or brown appearance. The 
best waters are those coloured bluish or greyish. Green waters 
owe their colour to vegetable matter, chiefly unicellular slgat, and 
are usually harmless. A yellow or brown colour is often due to 
animal organic matter, chiefly sewage. It is sometimes, however, 
owing to vegetable matter, such as peat, and in these drcumatances 
is not generally harmful. It may also be caused, as is mentioned 
later, by salts of iron, although in most cases the iron is precipitated 
as ferric oxide in the sediment. 

Many first-class water supplies, therefore, are highly coloured. 



WATBR-STIPPLY 161 

This yellowish c<»lour originates for the most part in vegetable 
extractions, and where stains are usually prominent. Such colour 
has no hygienic significance, bat offends the sesthetic sense of 
sight, and it has become the custom in large cities to use every 
reasonable effort to effect its removal before the water is delivered 
into the mains. Bacterial decomposition of the deposits on the 
bottom of some lakes deprives the lower strata of their oxygen, 
and such layers become highly coloured. With the periodic appear^ 
ance of the ‘ overtuni' in spring and autumn these coloured layers 
are brought to the surface, distributing the colour throughout the 
entire body of water, 

Furthermore, under the anaerobic conditions sometimes existing 
at the bottom of lakes and ponds, iron is thrown into solution. 
On being brought into contact with air this iron is oxidised, 
imparting to the water a reddish-brown colour. Under ordinary 
circumstances sun-bleaching is actively felt for a depth of about 
one foot below the sur^ce, and in a month's exposure to the sun's 
rays the colour removal will amount to about 20 per cent. 

By treating coloured water with chemicals all vegetable stains 
can.be removed, Ozonisation and the use of oxygenated compounds 
of caJdum, sodium, or chlorine will effectively decolorise water, 
but their high cost is usually prohibitive were there no other 
objections to these forms of treatment. Filtrations of coloured 
water through clean qoaxts-sand will not effect measurable 
decolorisation, and it is well known that without the aid of a 
coagulating chemical, slow sand filters will not consistently remove 
more than about ao per cent, of the dissolved colour in water. 
The most efficient and satisfactory method of water decolorisation 
is by coagulation, followed by filtration. 

Twbidity. The ordinary dtizen does not look with favour on a 
water which is turbid that is, carries in suspension mud, silt, 
and day in quantities sufficient to impart to it a marked doudiness 
or a distinct muddy appearance. It is not so much a case of whether 
such matter is actually injurious, as that the water is not agreeable 
to the sight, and promotes other ssthetic prejudices such as those 
against taking into the system so much actual mud and dirt; and 
in fact even though the water is pure in other respects, the 
mechanical irritation of the human intestine by these suspended 
soHds may cause diarrbaa and so predispose to more serious 
intestinal diseases. Therefore in ah up-to-date dties where tbe 
water-supply is turbid, it Is the custom to treat it in some way 
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before delivering it into tbe mains, in the endeavour to remove the 
turbidity and make it agreeable to ibe sight, 

on fiealih. What efiect on the health of the consumer 
have these physical features as applied to water? A water heavily 
eba^;ed with mud will naturally possess an argillaceous or clayey 
taste and odour, the same being intensified by heating. This is 
not ^eeable to many. Assume that a water contains on the 
average 200 parts per million of suspended matter. In a year’s 
time an adult will consume in this way about f lb. of such matter, 
or some 5 lb. in a lifetime. This quantity in itself cannot be 
considered as having any sanitary ^gniAcance. 

Water which is naturally highly coloured sometimes possesses a 
slight astringent taste; but such colouiii^ matters, being vegetable 
stains for the most part, can have no deleterious e^ect on the 
health of the consumer. Some waters possess ofiensive tastes and 
odours, due to growths in them of certain higher forms of micco< 
scopical life, and due to the liberation by them of essential oils 
in process of their development or decay. These are relatively 
small in quantity, and cannot in themselves actually cause serious 
disturbances in ^e body of the consumer. 

Finally, then, those physical characteristics natural to many 
surface-waters which lend to them an unsightly appearance, or an 
objectionable taste and smell, are of actual injury in so far as they 
may affect the individual imaginatively. This feature is not to 
be disregarded, however, for there is no doubt that many thousands 
of people actually have thought themselves into the grave. One 
of the first lines of common'Sense water logic, therefore, is that 
drinking-water shall be free frx>m perceptible quantities of colour 
and turbidity, and that it shall possess no disagreeable or actually 
foreign tastes or odours. 

Chemical Pnrity. Under this head come hardness, iron, organic 
matter, chlorine, carbonic add. 

Hardn^s. Water, in its passage over and through the soil, 
dissolves and picks up certain minerals, among the most common 
being lime and magnesium. These give to the water its hard¬ 
ness. There are two kinds of hardn^, namely, temporary and 
permanent. The carbonates of lime and magnedum, held in 
solution by the dissolved carbonic add in the water, together with 
some sulphates of caldum (magneriurD) and, if present, salts of 
silica, alumina, and iron, constitute the'temporary hardness and 
may be almost completely softened by boihng. Waters which. 
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in addition to dissolved carbonates, contain in solution certain 
other sulphates together with chlorides, nitrates, and phosphate 
of calcium and m^nesium, and some iron or alumina, cannot be 
efieclively softened by boiling. Such hardness is termed permanent. 

Hardness determinations are highly important, and should be 
carried out as routine in all waterworks laboratories. By deter¬ 
mining the total hardness and the alkalinity (the difference 
generally representing the permanent hardness), records are obtained 
which are of value in settling discussions as to the advisability of 
softening the water; in soap consumption, on its utility for various 
industrial purposes, and on iU suitability for steam raising. Where 
a coagulating chemical is used in the purification of a water-supply 
it is indisp^able, owing to the fact that a certain amount of 
alkalinity is required to decompose every grain of added coagulant; 
otherwise, if the alkalinity be deficient, coagulation will be unsatis¬ 
factory and undecomposed coagulant will appear in the treated 
water—an inadmissible condition. 

It is the contention of some physiologists that those constituents 
which make water hard are deleterious to the public health. In 
some cases this view would seem to have considerable merit. The 
traveller is unpleasantly reminded of abruptly changing &om a soft 
to a bard water, and vict versa, but there are no statistical data 
to prove that in general the hardness of a water has any clearly 
defined effect one way or the other on the public health. Although 
it is strongly maintained by some that various specific diseases, 
such as urinary calculi, goitre, etc., are produced by the continued 
use of very hard waters, confirmatory data to prove the correct' 
ness of this view are lacking. It is much more probable that the 
action of hard waters is really restricted to simple gastric and 
intestinal disturbances, which are temporary only in their effect. 

Iron. Practically all natural waters contain iron. The soil 
contains iron in the form of sulphide or ccude. Being dissolved 
out in water it may be present as an oxide, a carbouate, or as 
' humic add,’ the original organic compound which holds ferric 
oxide in solution. Ferric oxide can be removed by sedimentation 
and filtration ; ferrous carbonate by aeration through the oppor¬ 
tunity thus afforded for the escape of carbonic add, and, if the iron 
happens to be in combination with organic adds, the addition of 
alkalies will break up the loose combination and liberate the iron. 
Generally speaking, no water can be conridered entirely satisfactory 
which contains more than about one part of total iron per million 
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parts of vrater. Even a less quaDtity than this is desirable, as a 
taste is sometimes perceptible in water containing about one part 
of iron. 

The chief objections to iron in a water-supply from a sanitary 
standpoint are its undesirable taste and appearance when present 
in sufficiently large quantities. When it comes from the source 
of supply, it can readily be removed by aeration and lUtration; 
and when it comes ftom the service pipes, through the corrosive 
action of carbonic add or other agents, corrective measures have 
to be taken before the wafer is delivered into the mains. The 
hygienic significance of iron in water may be considered as nil. 
for. when present in Urge amounts, its undesirable taste would 
preclude its use. 

Organic MaUer- Under this heading, although it may not be 
precisely correct, we will include all nitrogenous matter, such 
as free and albuminoid ammonia, nitrites, and nitrates; and 
carbonaceous matter, such as ' oxygen consumed,' and the like; 
in short, all organic matter found in water, both of vegetable and 
animal origin, whether derived from human or animal excrement, 
or from the wash of woods and fields. It is necessary only to 
eliminate living bacteria from the discussion. These have been 
already considered. 

There is nothing in the complex compounds of organic matter 
commonly found in water-supphes which need give alarm to the 
water consumer. Prior bacterial decomposition of such matters 
is doubtless instrumental in producing certain ptomaines, which 
in sufficient quantify would exert in some degree a toxic effect on 
the human organism. But while such conditions mig ht be conceived 
of in sewage, in water, even after It has received sewage up to the 
limi t of its powers of digestion, the dilution of such substances is 
too great to warrant serious consideration being given to this 
feature. 

Chicrinc. The chlorioe found in water is not per se of great 
sanitary significancebut inasmuch as sewage and domestic 
wastes contain large amounts of salt, its presence in water-dUppUes 
indicates that it may have come from su^ sources. Tbe chlorine, 
however, can only be attributed to animal organic pollution when 
other figures of tbe chemical analysis, e.g. ammonia nitrates, 
nitrites, etc., point to the probability of such an origin. Suspicion, 
however, is aroused when tbe chlorine in a particular water-supply 
is much in excess of tbe chlorine in waters in closely adjoining 
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Deighbourhoods. The water-supplies of seaboard cities, even 
when unpolluted, are nonnally higher in chlorine than unpolluted 
inland supplies, due to the salt blown in from the ocean. In certain 
inland localities unpolluted water-supplies are high in chlorine 
due to mineral deposits la the soil. In some places maps are 
constructed on which lines are drawn coxmecting the districts the 
waters from which contain riTnilar amounts of chlorine. These 
lines are termed ' isochlods.' EfBuents from alkali or other 
industrial works may also be the cause of estcess of chlorides. 
Therefore, like nitrogen, high amounts of chlorine in water merely 
furnish dxcumstantial evidence of dangerous pollution. 

The effect of chlorine ptr s$ on the public health in the quantities 
usually found in water is ttil. Thresh, however, is of opinion 
that as much as 70 qrs. to the gallon of salt should condemn the 
water for drinklr^ purposes. The average individual consumes 
at the table each day many times as much salt as is ever present 
in a drinking-water supply. In the army, water unfit for drinking 
due to bacteria is often rendered fit for drinking by chlorination. 

Carbonic Acid. The determination of free carbonic add in 
water is of importance, as it is well understood that it is an active 
agent in the corrosion of metals, particularly iron and lead. ' Red 
water ' troubles are often to be laid at the door of free carbonic acid, 
in some measure at least, and, where it is present In rdatively large 
quantities, steps are often taken to remove it by adding lime to the 
water. Where coagulatii^ chemicals are used, particularly where 
lime is not employed with the salts of iron and aluminium, which 
are more commonly used as coagulates, the determination of free 
carbonic add fiamishes valuable information, as with each grain of 
added coagulant there is a corresponding increase in the amount 
of free carbonic acid. 
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CHAPTER Viri 


BUILDIKG STONES 

Tee importwce of a practical knowledge of geology when dealing 
with building stones is so obvious that it would appear quite 
unnecessary to emphasise it. But, unfortunately, the study of 
rocks is frequently neglected by architects and engineers. 

The engineer should be acquainted with the general structure of 
rocks, as well as with the situations whence the best raatenals may 
be obtained. He must study the manner in which any particular 
rock VMlhari in the locality whence it is obtained, and should have 
a knowledge of the physic^ qualities of rocks. 

For example, granite is generally considered one of the most 
durable rocks, but in a climate in which heat and cold alternate, 
the felspar may decompose when exposed to wet. 

Again, a stone which may be suffideatly durable if placed under 
water, may not be so if kept alternately wet and dry by the rise 
and fall of water In a river or on a tidal coast. 

The action of frost, as described in Chapter I, Section I, should 
be carefully studied in the case of rocks. It is therefore abundantly 
dear that a careful investigation of the geological history and 
structure of the rocks of his district will frequently enable the 
engineer to avoid such expective mistakes as importmg materials 
which can be obtained, of similar quality and at a low price, on the 
spot. Moreover, the physical qualities and weathering properties 
of building stones should be studied at the quarry site, and not 
merely deduced from carefully selected samples. 


SECTION I. IGNEOUS ROCKS 
Granites 

True Granite. The term 'granite' was formerly, and still is 
occasionally, very loosely applied; many rocks of entirdy different 
nature being known by thk name locally and in the building trade. 
For example, the $o-cdled Mendip ' granite' is really a limestone; 
Ingleton ‘ granite ' is a conglomerate; Furnace Lochfyneside 

ise 
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' granite ' i$ a quartz^porphyry: Petit' granite ’ is a Belgian lime¬ 
stone ; and various trap rocks have often been known as granite, 
while rocks with a granitic structure, such as syenite, diohte, and 
gabbro, are often confused with granite. A true granite is one with 
granitic structure which contains not less than 6o per cent, of silica 
—that is, the total silica afiH not merely that of the free quarts. 
Other rocks with granitic structure are deschbed under the heading 
of GraaiMd R<Kk$ below. 

Characteristics of granite in the mass are bosses, joints, veins, 
dykes, lilt, and gr^. With the exception of rift and grain, these 
are referred to in Chapter II, Section I, 

The tendency possessed by many granites to split more freely in 
one direction than another is due to what is called the rifl of the 
stone; and the grain of granite is the direction in which it may be 
split with a degree of ease second to that of the rift direction. These 
features are fully described in Th« Geology of Building Sioms, by 
J. Allen How&^a valuable book for ei^ineers. 

Mode of Description. For practical purposes granites may be 
described according to (c) their structural characteristics; (6) their 
mineral constituents; ($) their chemical composition; (d) their 
physical characters. 

Scructuial Characteristics. Granites are holocrystalline granular 
rocks and, as the sise of the grains varies, may be described as fins- 
grained, medium-graimd, largi-grain^d, or forfhyriiic when, like 
that of Shap in Westmorland, they contain lar^ and independent 
crystals of felspar scattered through the mass. 

Most granites exhibit the characteristic fiuidal or fUrasinuiun 
(see Chapter IV, Section KI), the mica and tabular felspars having 
a tendency to lie with their flat feces in one direction. More rarely 
orbicular, spheroidal, and handed structures are found (see Chapter IV, 
Section 111}. 

IrreguiarUUs of sintciun may occur as: 

(i) Clots or veins, which may be pegmatitic (see Chapter IV, 
Section III), may appear in the midst of the granite, and may 
or may not be composed of the same minerals as the rest of the 
granite. 

(ii) Z>rusy cavities may occur lined with geodes (see Chapter IV, 
Section III), consisting of the same minerals as the surrounding rock. 

(iii) Aggregates of the darker minerals known as xenoliihs (or 
' heathen ' by quarrymen) may be found included in the mass. 

Mineral Constituents. ’ Not only do granites vary greatly in the 
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relative proportions of their mineral elements, but they also exhibit 
considerable variation in their constituent mineraU. For although 
vre may use the general formula of quarts, felspar, and mica to 
describe the rock, yet the felspar or mica may be almost any 
member, or members, of these famihes of minerals, and they may be 
supplemented or partly replaced by minerals which are no essential 
component of granite, and are local in their development/ * Granites 
may be grouped or described, according to tbe dominant mineral, as 
biotafi-graniU, with only dark mica ; mufccviU-granite, with only 
light rnif ^ ; tmtscoviU-hioliU-gTAniU, with both light and dark mica; 
hombUnde^raniie, with hornblende in lieu of mica; and ^milarly 
tourmcline-graniU, augiU-graniU, etc. 

Chemical Composition. When this is examined, the variation is 
almost as remarkable as that of the mineral elements; for 'although 
we may regard the normal composition as including silica, alumina, 
peroxide, and protoxide of iron, lime, magnesia, soda and potash, 
and water, yet sometimes in addition to these there are perceptible 
quantities of oxide of manganese, phosphoric add, lithia, and fluorine, 
while not infrequently the protoxide of iron, or even all the iron, 
may be absent, as may be the magnesia and the water. Even in 
British granites the percentage of every constituent is very variable: 
thus the silica ranges from as low as 55'20 in the granite of Ardara 
to as high as 80*24 in the granite of Croghan Kinshela; so that, 
judged by this test, the Ardara rock might be tenned basic, while 
the Croghan Kinshela rock is typically acidic. 

' The alumina varies from 1114 per cent, at White Gill, Skiddaw, 
to 20 per cent, in the granite of Glen in Donegal. The peroxide of 
iron ranges from *23 at Botallack to 7*3 in some of the granites 
of Leinster; whilst the protoxide of iron, which is so frequently 
absent, amounts sometimes to upwards of 2 per cent. lime 
varies from J per cent, in some of the Cornish granites to upwards 
of 5 per cent, in some of those from Donegal. The magnesia, 
which may be a mere trace, amounts to per cent- in the granite 
of Ardara. Soda may be but \ per cent, in Cornish granite and 

per cent, in some of the Leinster rocks. Potash is less than ^ per 
cent, in one of the Leinster granites and more than S} per cent, in 
tbe granite of Chywoon Morvah in Cornwall The manganese never 
quite amounts to x per cent., and the water is never more than 2 per 
cent.'» 

X PhiUipa: Manual e/ Otology. Pvt 1. H. G. Seeley, p. soj. 

• Phillips; JW4.. pp. 203 - 4 . 
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Granites may therefore be described according to chemical 
corapo^tion as alkaU-graniits, Ufw-aXkalugraMUs. poUuh-^aniUs, 
at soda-graniUs. but this mode of description is not of much use 
to the engineer. 

Physical Characters. Granites, Eke most rocks, are very variable, 
hence the following particulars are only of general application 

Specific gravity varies from 2-6 to 2*8. 

Weight per cubic foot varies ftom 160 to 200 lb. 

Resistance to pressure varies tiom 800 to 2740 tons, but is usually 
between zooo and 2200 tons. 

Absorption of water, about -J per cent. 

Colour varies very much, some granites being white or grey, 
while others are pinkish, yellow, or green. The colour depends 
largely on the felspar, but partly on the extent to which they 
contain biotite or other dark-coloured minerals. Colour is no indi¬ 
cation of the vaiiu of a granite for buUdizrg purposes. 

Durability. Granites difler much in durabiEty—some varieties 
are very friable and liable to decomposition, while others suffer 
but imperceptibly from moisture and the atmosphere. 

The chemical composition of a granite gives no idea of its physical 
properties. Part of the silica is free, part in the mica and felspar ; 
part of the Hme, soda, and potash is in the mica, and part in the 
felspar ; the magnesia is in the mica. Granites containing an excess 
of Eme, iron, or soda are most liable to decay, while those containing 
large crystals of mica, and those with an excess of soda-felspar or 
deep red (iron) felspar, are least fitted for building. 

The proportion of felspar is important because the durabiEty of 
the stone chiefly depends on this ingredient, although a large pro¬ 
portion makes the stone harder to work, hfica is a source of weak¬ 
ness as it is liable to decay. Iron, especially in the form of marcasite, 
is detrimental to durabiEty and strength. 

Since chemical analysis affords no proof of the durabiEty of a 
granite, it is best to visit the quarry and inspect the weathering of 
old workings. 

Quarrying. Granites as a rule have Ettle or no superficial 
covering, and are quarried from hillsides or sloping ground. For 
small purposes they are usually blasted, but for large blocks they 
are split with wedges. Such large blocks are more easily obtdned 
where the structure is massive, but in most quarries the granite 
is jointed, both vertically and horizon tally. The vertical joints, 
which are either truly vertical or inclined at a high angle, run throi^b 
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the rock often to great depths. They are generally constant in 
direction and in two sets at right angles. The horjaontal joints 
split the rock into sheets or beds, which may be more or less hori> 
zontaJ or else follow the surface of the granite. 

Granite, like all rocks, can be better dressed when still in possession 
of its quarry vaUr or qttany sap {cf. Chapter I, Section I, ‘ Frost': 
Chapter VTI, Section II,' Saturation,' etc.; and Section III of this 
chapter). This water of imbibition varies from i to 5 per cent, of 
the weight of the rock. The more absorbent the rock the less its 
durability. 

Geological Age of Granite. Although granite was once thought 
to be the oldest of rocks, it is now known to have been formed at 
various periods e^rtending ftom before the Silurian down to the 
Cretaceous. 

The age of granite is always newer than the rock which it pene¬ 
trates, and older than a stratum deposited upon it. It is rare to 
be able to fix both of these limits of age. 

Distribu^on of Granites. For the distribution of granites and 
all other rocks, the reader is referred to Tfu Geclogy oj Building 
Status, by J. Alien Howe (E. Arnold). 

Gra)?itoid Rocks 

Syenite. For lithological characters, see Chapter V. 

True syenites are limited in occurrence, but the name is used for 
other rocks similar in appearance but with quite different char¬ 
acteristics; ag. the scKcalled syenite of Chamwood Forest is a 
syenitic or hornblende granite. It is rather coarsely crystalline, and 
contains dark green hornblende with pink and greenish felspar, with 
small masses of yellowish-green epidote and occasional grains of 
pyrites. When the rock is more finely crystalline it is generally 
of a red colour. The original syenite from Syene, Egypt, is now 
conridered to be a homblende-biotite-granite. Swedish syenite 
and Lansitz syenite from Spremberg, Prussia, are diabases, and 
Odenwald syenite is a diorite. 

Quaiitits. The chemical constituents are similar to granite, but 
there is less silica. The entire absence or relatively small propor¬ 
tion of quarts is characteristic. 

Specific g^vity. 2*5-3‘6. 

Resistance to pressure—Average, 1x70 to i2$o tons per sq. ft. 

Maximum, zzoo tons. 

Minimum, 730 tons. 
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Porcsity coefficient about 1*3. 

Diuability equal to the best granite and better those of 
moderate quaJity. Softer to work than grarutes, but quite 
as tough. 

Gneiss (see Chapter V, Section HI) is composed of the same 
minerals as granite, and differs from the latter chiefiy in being 
foliated. When the foliation becomes indistinct, the rock ap¬ 
proximates lithologically to granite. Itocks of this indeterminate 
character are styled grAxUic gneiss. 

Gneiss resembles granite in its properties and appearance, but is 
not so durable or so strong. Its foliated character enables it to be 
got with comparative ease, and it funuahee good material for flag> 
stones. Gneiss is used for ordinary building purposes in the 
districts in which it is fbimd. 

Porphyry. The three main varieties of porphyry—quartz- 
porphyry, granite-porphyry, and orthodase-porphyiy—are described 
in Chapter V, Section I- The term felsite-porphyiy or felsite is 
sometimes used for a rock whose ground-mass is so hne that it is 
difficult to recognise the various constituents even with a high- 
powered microscope, 

In all these vaneties the essential constituents are orthoclase- 
felspar and quarts. The colour of these rocks varies from fiesh-red, 
purple, yellow to slate-grey, depending chiefiy on the felspar, while 
dark grey, brown, and greenish tints are imparted by the presence 
of mica or homblende- 

Specific gravity varies from 2 4 to 2*8. Resistance to pressure 
from 2740 tons per sq. ft. to 1645. 

Average porosity is 0 65. 

Absorption under pressure is between 0*9 and 3*5 per cent, of 
the weight. 

The hardness and power of resistance to weathering depend to a 
considerable extent on the degree in which the groimd-mass has 
been impregnated with silica. 

The stone may be suitable for building even if the felspathk 
portion shows signs of alteration, but in varieties without quarts 
if a fteshly fractured sur^ce has an earthy appearance it should not 
be trusted. 

Though hard and tough, these rocks are fairly easily quarried, 
but not so easily grained as granite owif^ to the absence of rift. 
They are generally polished with ease, and are used for ornamental 
work, such as mantelpieces, columns, etc. They are, however. 
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chie6y used for toed metal, though also used la country districts for 
building. 

The porphyries generally occur as dykes, and eruptive masses 
intersecting the older schists and slates, and are usually much 
fissured and jointed. 

Poiphyrites (sec Chapter V, Section I), Their physical properties 
arc similar to those of porphyry, but they are less bright in colour. 
They are used for road material, especially in Leicestershire, Wales, 
Scotland, and Belgium (Quenast Quarries). 

SeipenUne Rock. A stIiceO'magnesian rock of metamorphic 
origin, arising apparently from the transmutation of magnesian 
limestones or other closely related strata. Its average composition 
is 40 per cent. of silica, 40 of magnesia, and 13 of water, with varying 
proportions of iion^percoude and traces of other colotzring matter. 

Serpentine is not adapted for outdoor use, especially in towns, 
for it is acted on by hydrochloric and sulphuric adds, but it is 
very suitable for indoor decoration. 

Crystalline Schists. Some of these old rocks have a granitoid 
appearance. They are described under ‘ Slates and Fissile Rocks' 
(see Section II). 

Doleritea are basic hypabyssal rocks, but as their essential 
minerals and chemical composition are similar to basalts (see 
Chapter V, Section I), they are included with the latter under the 
general term of' Trap Rocks ' (see below). 

Trap Rocks 

The term itAp was derived from the great sheets of lava which 
fiowed out in successive streams, forming a step-like structure, in 
Norway, Faroe Islands, the Deccan, etc. It came to be naed for 
the ba^ts and rocks known as whinstones, greenstones, febtones, 
and claystones, and is often still used in thio sense for trade 
purposes. 

Greenstone is an old name for the dark green, fine-grained rocks 
known as dioriU, diabAse, ^Ahbro, and aphattiU. The name is 
sometimes confined to diorite, but the more general designation is 
sufficient for practical purposes. These rocks all occur as dykes 
and vdns, chiefiy in the more ancient rocks. Their green colour 
is derived partly from their hornblende and partly from a small 
quantity of chlorite which is generally present. Gabbro is coarse¬ 
grained. diabase and diorite are fine-grained, and aphanite Is very 
compact and fine-grained. They are ail occa^nally amygdaloldal. 
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and are no doubt varieties of tbe same rock solidified under 
alightly different conditions. 

DioriU is tough and hard and of considerable strength, porosity 
o>25 pet cent., and of fairly high, weather-resisting quality, though 
the latter is diminished if pyrites are present. It is diffioult to 
work, and only used as a bidding stone locally, but much used for 
paving and road metal 

Mica trap or tr^inetU occurs also in v^s and dykes. It is tough, 
and weathers rusty brown. 

Whinsionc. Any very hard, dark-coloured rock that is not easily 
broken up in excavating, such as basalt, chert, or quaitsose sand¬ 
stone, is called a whinstone locally. 

Basalt. These lavas have a dark colour on the newly fractured 
surface, varying through shades of greyish brown, blue, and greenish 
black; but when the external surface is weathered, the rock is 
commonly a pale drab, though the tint varies with chexnical and 
mineral oomporilion and texture. Basaltic rocks have a high 
specific gravity and basic composition. Their s i lica rarely sinks 
tilow 40 per cent., a lower percentage of silica is usually associ¬ 
ated with large percentages of iron and sometimes of lime. The 
silica rarely exceeds 56 per cent. The alumina has no necessary 
relation to the silica, though the average amount ranges between 
n and 28 pec cent. The lime, magnesia, potash, and soda all 
vary in amount, and on this variation depends the mineral com¬ 
position of the rock. Basalt abounds in labradorite and augite, 
generally contains magnetite and olivine, and sometimes may have 
a little quarts and sanidine. 

Basalts vary considerably in structure ; the coarsely crystalline 
varieties, and those with a porphyritic structure in which large 
crystals of some mineral (phenocrysts) are embedded in a crypto- 
crystalline matrix, am essentially dcleriUi ; the glassy forms are 
UtchylyUs, and the finely crystalline varieties may come under the 
of ; while those which appear bomogeneoua to the 

naked eye are classed as baialis proper. 

Basaltic rocks vary very much in structure and composition. 
They may be soft, earthy, and amygdaloidal, compact, or highly 
crystalline. They possess a high power of resistance to crushing 
force, weigh ftom 171 to 181 lb. per cubic foot, absorb less than 
4 oa. of water per cubic foot, and are very durable. They are 
suitable for paving and road metal, but not much used for building. 

Lavas. The term 'lava.' properly speaking, includes all the 
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moltftii rocks of volcanoes (see Ch^ter I, Section II); but for 
practical purposes the basaltic rocks, which have been already 
described, are excluded, and 'lavas' denote only the lighter 
varieties such as trachyte, rhyolite, andesite, and obsidian. 

TrachyU, rhyoUU, andssiU. and phonolUt may for technical 
purposes be considered together. All vary very much in structure, 
from crystalline granular to glassy, as in obsidian, or vesicular, as 
in pumice. All the porous or vesicular varieties are suitable for 
building, forming, owing to their rough surface, a good bond with 
the mortar. 

Phonolites are apt to weather into thin slabs which have been 
used for walling, roofing, and paving. 

The lighter of these rocks are suitable for arches. The 
heavier kinds are quarried in the British Isles for road stone. 

LateiiCe covers considerable areas in S. India, Orissa, etc. It 
is a ferruginous material formed as a superficial alteration of rocks 
in regions subject to alternate wet and dry seasons. Weathering 
removes the ^ca of basalts, etc., and leaves a flaky ferruginous clay 
often containing manganese, which is soft and ^ble when fresh, 
but when exposed for some time hardens and becomes covered 
with a dark encrustation which protects the stone from further 
cleavage and resists decay. It is used for building and road metal. 

Laterite should be compact in texture, and the mottled and 
streaked colours pervading it should not be very unevenly dis¬ 
tributed. Those descriptions in which the sinuo&itles are numerous 
and deep, as well as those in which white lithomargic earth occurs, 
should net be used as building material, Laterite being benefited 
by long exposure should never be used when freshly quarried, 
especially from any depth. It should not be used where subject 
to any great pressure. 


SECTION n. SANDSTONES, LIMESTONES, AND 
ARGILLACEOUS ROCKS 
Sandstones 

Lithological Character. ' These rocks consist essentially of grains 
of silica. They either occur as superficial accumulations of loose 
sand forming desert tracts, or lowdying districts on seacoasts, 
where the wind piles the sand up in dunes ; or they may occur as 
beds of loose sand, mterstratified with coherent beds of rock. They 
are also met with in a state of more or less imperfect consolidation, 
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the grains being feebly held together by an iron oxide or by cal¬ 
careous matter; or they may be excessively hard and compact, 
the constituent grains being cemented by either silica, carbonate of 
lime, iron oxides, or carbonate of iron. In some few cases there 
even appears to be, according to Professor Morris, no cementing 
matter present, as in some of the New Red Sandstones, the con¬ 
stituent grains being apparently held together merely by surface 
cohesion superinduced by pressure. 

‘ Grits. The rocks called grits vary considerably in lithological 
character. The term “ grit" appears indeed to be very ill-detoed. 
The Millstone Grit, which may be taken as one of the leading types, 
is more or less coarse-grained, while some of the Silurian rocks, 
such as the Coniston and Denbighshire grits, are frequently very 
fine-grained and compact in character. Under these circum¬ 
stances it seems that a grit may best be defined as a strongly 
coherent, well-oemented, or tough sandstone, usually, but not 
necessarily, of coarse texture.' ^ 

Quartsites are sandstones which have been converted into solid 
quartz-rock by the deposition, between the grains of the rock, of 
silica in the form of crystalline quartz. Ibey are free from pores 
and have a smooth fracture. Most quartzites are found among 
ancient rocks. They are too hard and splintery to be used as 
building stone, but are much used as road material. 

Liver rock is a term used in Scotland for a dense freestone which 
is grained in large blocks and has no natural division planes. 

Colour Structure. Sandstones may be coloured white, 
cream, yellow, fawn, pink, red, greenish grey, grey, or black- The 
white or cream colour is generally due to argillaceous or calcareous 
matter without any admixture of iron, the yellow, pink, and 
red to the presence of iron—limonite in the paler varieties and 
hsmatite in the reddish ones. Green, grey, and black colours may 
be due to carbonaceous matter. 

These colours sometimes fade, and sometimes become darker, 
on exposure to the weather. 

In structure, sandstones occur in every degree of fineness, from 
fine-grained sandstones to coarse-grained grits. 

Composition, As mentioned in Chapter V, Section II, sand¬ 
stones are described as siliceous, quarUiOie. micaceous, feiru^nous, 
eaicareow, and argUiaceous; also biturntTious, carbonaceous, or 
/elspalhic. according to the nature of the ingredients. 

I Fron^ Rutley; Study of Jiocht. dth ed., p, 276. 
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TJoeir chemical composition varies extremely, even in the same 
quarry. 

Ph^cal Characters. The specific grtwity of sandstones and frits 
varies ftora x <9 to 2*3; the per cubic foot from 130 to 

160 Jb.; the porosity ranges between 5 and 28 per cent.; and 
the crushing weight fr^m 500 to 14,000 lb, per cubic inch. 

Selection for Building. Many sandstones are so soft and dia* 
integrate so rapidly when exposed to the weather that they are 
quite unfit for building, while others are so hard and siliceous as to 
ho more suitable for road metal than for building. 

For building purposes those which are fine in grain, most homo¬ 
geneous in structure, with the least porosity, and the fr ees t from 
lime and iron, are preferable. Any stone containing nodules of 
iron pyrites should be rejected, as such nodides oxidise and finally 
weather out into cavities. 

Sandstones absorb moisture most easily in the direction of the 
bedding or grain, if there is aoy distinct bedding. Hence the 
blocks when used for a building or wall should be placed with the 
bedding horizontal. This position is, moreover, the one in which 
the stone will stand the greatest pressure. Bath stone is a case 
in point; at Bath the discoloration and bad weathering of foces 
of buildings is due to faulty laying of the stones. 

The best method of ascertaining the durability of a sandstone is 
to observe exposures on clifis, old quarries, etc.; porosity and other 
qualities can be tested as described in Section III of this chapter. 

LlMESTOI^ES AKS MARBLES 

Limestones. Lithologieai character. Limestones used for build¬ 
ing purposes include nearly all of the many varieties in which this 
stone occurs. Their essential characteristic is the presence of 
carbonate of lime (CaCO|), which varies from 98 per cent, in pure 
varieties to 30 per cent, in impure kinds. This carbonate of lime 
is largely due to the calcareous shells of marine oiganisms, and, as 
the latter became more prevalent in later times, it follows that 
limestones are less frequently found in the older formations, and 
become more numerous in each successive geological age. 

The varieties of limestone include the purer forms such as Chalk, 
and the less pure, of which the prefix, such as arenaceous, argillaceous, 
siliceous, dolomitic, or carbonaceous, denotes the dominant qualities. 

Physical quaiiiics, such as density, absorption, and resistance to 
pressure, necessarily vary so much in such very difrerent varieties 
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of stone, that experiments axe applicable only to the particular 
kind of stone tested. Specific gravity varies firom 2*7 to 2*9, and 
crushing strength from 400 to 1400 tons per sq. inch. 

In sfruciure, limestones vary ftom earthy to compact or sub- 
crystalline : many are thick-bedded and homogeneous and afiord 
blocks of large sire, while in others the uniformity of structure is 
interrupted by the remains of sheUa, etc.; others, ag:ain, are so 
jointed that they cannot be raised in blocks of any great size. 

Subdivisi^. Limestones may be divided into: 

I. Organically formed Limestonea. 

z. SheUy «.g. some of the Carboniferous and Lias, 

Portland stone (in part), Ham Hill stone (Inferior Oolite), Tottemhoe 
stone (Lower Chalk); also Purbeck and Wealden beds of fteshwatcr 
ortgin. 

3, Crin^dal LimesioTu, e.g. bird’s-eye marble (Carboniferous) and 
Petit granite of Belgium. 

3. PoroMinif^al limBStoM, e.g. the chalk and many beds of 
Carbcniferoua limestone in England, and the KummuEtic lime¬ 
stone of Europe, AMca, and Asia. 

4. Coral limoston 4 , Devonshire marble, etc. (Devonian 
and Carboniferous), 

5. Biyozoa lipuihw, tf.g. many of the magnesian limestones of 
Yorkshire. 

U. Chemically formed Limestones. 

1. Tn/a or Travertine, ag. in small deposits at various places in 
Great Britain, in Normandy, S. Italy, and notably in Rome (see 
below under ‘ Marbles ')• 

2. Oolitic Umesloms, e.§. Portland and Bath stone, also among 
the Carboniferous Uraeslones of Bristol, Derbyshire, South Wales, 
and Ireland. 

ni. Dolomite and Magnesian Limestones, e.g. in the Carboniferous 
limestone of Derbyriiire, South Wales, Ireland, etc. 

IV. Argillaceous Limestones. With increase of argillaceous 
matter these pass into calcareous slate or clay—found in all 
formations, specially in the Lias. 

Thtte stones are hard, smooth, and compact when freshly quarried, 
hut do not weather weU- 

* V. Arenaceous or Siliceous Limestones. These pass into cal¬ 
careous sandstone with increase of silica, ag. Kentish Rag and 
Beer stone. Manv varieties are too hard to pay for dressing. 

12 
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Uarbles. ‘ Any rock susceptible of a fine polish is termed 
'' marble " by the stone-outter; hence we hear of “Connemara 
marble," which is a true serpentine; and of “ Sicilian marble," 
which is often a brecciated lava. The term, however, should be, 
and is, restricted by geologists to limestones capable of receiving 
a polish, and frequently exhibiting a variety of coburs in veins 
and blotches. We have thus uni-coloured marbles, such as pure 
blacks and whites; and farti'coloured sorts, deriving theic tints 
from accidental minerals, from metallic oxides, giving them a 
veined or clouded appearance, or from shells, encrinites, corals, and 
other organisms which impart a variety of “ figure " as well as of hue. 

' The following are a few of the better-known and more esteemed 
varieties, ancient and modem: Csrrara, pure white, saccharoid, 
and semi-transparent; highly esteemed for statuary purposes. 
Parian, of a waxy cream cobur, also crystalline and employed in 
statuary. G^aW^aniioo, yellow and mixed with a small proportion 
of hydrate of iron ; used for ornamental purposes. Sienna, a rich 
yeUowish brown, with lighter veins and cloudings. Rosso-anHco. 
a deep bbod-red, more or less veined. Mandelato. a light red, 
vemed and clouded. Verd^ Antique, a cloudy green, mixed with 
serpentine, or serx^ntine itself. Ci^tno, a mixture of tabose 
schist with white saccbaroidal marble. Bardiglia, a bluish-grey 
variety with bold black veins and cloudings. Lumachella or fire- 
marbU, a dark brown variety, having brilliant chatoyant reflections, 
which it owes to the nacreous matter of enclosed shells. Black 
marbUs like those of Derbyshire, Dent, and Kilkenny, deriving their 
dark colours from bitumen. Eitcrinal marbles, like those of Dent in 
Yorkshire and other Carboniferous districts, deriving their “ figure ” 
from the stems and joints of encrinites. Shtil marbles, like those of 
Purbeck and Petworth in Dorset and Sussex, and Kingsbams in 
Fife, receiving their " ^r« *' from the component shells of uni¬ 
valves and bivalves.' ^ 

Landscape marble is a dose-grained limestone with dendritic 
marking. 

Onyx marble is a lariated compact variety of caldte deposit 
in the form of tufa or travertine,* and under ' Chemically formed 
XJmestones ’ above). It is largely used as a marble. 

^ David Page: Economic Ocoloai. pp. S1-S4, 

’ The terms trevertiBe, caletfeoos t)i&. ud calc-sinter are geoendly 
coasidered syBOUTmous. but MerriU Umitfi travertdne to the compact lamiBated 
deposit, a&d calls the porous variety tufa. 
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* The maibles are among the most varied and usefol of rocks 
whether for external structures or for internal decoration. They 
are sufficiently durable in dry and pure atmospheres; can be 
raised, for the most part, in blocks of any sise; and are easily tooled 
and polished. As building stones they are unsuited to our dimate: 
hence their use is chiefly for interior decoration. Statuary marbles 
of the finest hue and texture are brought from Italy and Greece 
(Carrara and Baros), as are also many of the parti'Coloured varieties 
for internal decoration, Some beautiful marbles are also obtained 
from Be^um and France, but several useful sorts are derived from 
the formations of onr islands, as shown below.’ ^ 


Clays, Slates, Shales, ahd Other Fissile Rocks 
Argillaceous Eocks. ‘These rocks are, chemically speaking, 
impure hydrous sflicates of alumina. Sometimes the impurity 
consists of sand, sometimes of carbonate of lime; and more or 
less carbonaceous matter is in many cases present. Their coarseness 
of texture is mainly dependent upon the coarseness of the sand 
which often occurs in them. When ^ee fit>m sand, they are usually 
of fine texture. They have all originally been deposited as mud, 
in most instances at the bottom of the sea, in others at the bottoms 
of lakes or as deltas, and exceptionally over land, when temporarily 
flooded by the overflow of rivers, as in the case of the Nile. Qay 
deposits often have a well‘laminated structure, and, in the older 
geological formations, have assumed a more or less indurated 
character, frequently accompanied by a tendency to split along 
the planes of bedding- Very often another and more strongly 
marked fissile structure is superinduced in directions cutting across 
the planes of stratification at various angles. This is slaty cleavage, 
described in Chapter IV, Section III. Those argillaceous rocks, 
which split paraUel with the planes of lamination or bedding, are 
called sLdes or flags, but the term fia% is applied to a rock of any 
character which splits among its bedding into large flat slabs, 
and consequently it is common to find the term used to denote 
sandstones which are sufficiently fissile, when quarried, to yield 
slabs or flags.’ * 

Slate, The term ‘slate’ is frequently used as indicative of 
fissile structure rather than of litholopcal character. It is applied 

» David Page: Economic Goohgy. pp. Sl-Sa, 

■ Praok Rutlej: Study ofRoc?^, p. 282. 
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to argillacoous rocks, t.;. clay>$lates which split in directions 
other than that of their bedding, as well as to fissile smidsisnes such 
as the CoUyweston 'slates,' and shales, which split along their 
places of beddiog, and also to schists, which split like day-slates 
but axe not argillaceous and are more highly insiamorphosed than 
clay-slate. 

Q\utltHss of ClAy’SlaU. ' A good slate is little absorbent of water, 
cuts freely but toughly, weighs from i6o to iSo lb. per cubic foot, 
and should resist a crushing M^ight of from 2C,ooo to 25,000 lb. 

* For thinness, lightness, and straightness the Welsh slates are 
unequalled, but the Irish and the Lake District varieties are harder, 
heavier, tougher, and more durable; while for strength and solidity 
the Scotch are perhaps superior to either, but scmetimes contain 
iron pyrites.’ * 

The beat slates are obtained fmxn various parts of North Wales, 
near the coast; from Delabole, Tintagel, and elsewhere on the north 
coast of Cornwall; from various parts of Cumberland; and from 
the west coast of Scotland, generally ftom quarries of great xnagni- 
tnde. The best slate slabs are from Wales. 

In addition to trial as to water absorption, a cbse examination 
as to the presence of ‘pyritc or msrcasiU is required before deciding 
that a clay-slate is fit for use, however even its fissile structure 
may be. The kinds with a glossy surface are most likely to be 
impervious to moisture, but they may be too brittle for good 
roofing slate. 

Tests. Slates should resist corrositm by acids in the atmosphere. 
They may be tested by immersion in a weak solution of hydro¬ 
chloric and sulphuric adds io equal parts. Toughness may be 
ascertained by subjecting the slate to deflection. Transverse 
strength is often important and is measured in the usual way (see 
Section III,' Testing Stones'). 

Seleelion of Quarry. It is not usual to find slates and slabs in 
good condition near the surface, where long exposure to the weather 
has usually disintegrated and even destroyed the texture, and often, 
by partial hardening, obliterated or obscured the cleavage. As it 
is, however, entirely from the superfidal rock and its geological 
condition that a judgment must be formed, a certain amount of 
experience, combined with a knowledge of the xnaterial, enables 
the geologist to judge well of the chance of a valuable quarry. 
Uniformity of texture and condition of the rock for considerable 
* David Page: Eeenemte GtoJofy, p. 65. 
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distances, the nature and condition of the cleava^, the direction 
of the cleavage planes, the nature of the small veins of other material 
pervading the slate (of which there sse always many), the presence 
or absence of iron pyrites, the direction and magnitude of the joints 
—these are the chief points concttning which careful investigation 
is necessary. But any or all of these axe altogether insufficient to 
communicate value to a property unless the essential point of cheap 
and ready conveyance to a large market can be secured, and the 
quarries are so situated that the waste can be disposed of, and the 
valuable part of the slate laid bare without great expense. 

Shale is distinguished from slate by its softer nature, its relation 
to the adjoining rocks, and the eaay separation of the laminse. 
Moreover, it is fissile only along bedding ptoes. 

Shale is only an encumbrance and a nuisance to the engineer. 

Fissils sandstone possesses no true cleavage. The rock is gener¬ 
ally highly micaceous or calcareous. The CeUywslon slates, and 
the Dimton and shU of the Lower Oolite, are well-known 

examples. Among the Coal Measures thin fiaggy stone-tiles are 
obtained, and the Horsham stone of the Wealden is also fissile. 
Some fissile limestones occur. The flagstones of Caithness and 
Yorkshire are mentioned under ‘Sandstones’ above. 

Schists. ' These old rocks generally occur in a slaty or fissile 
state, and are better adapted for roofing, paving, and other slab 
purposes than for building; and yet some of the oompacter beds 
of the Silurian (the greywaokes) make not a bad building stone 
(Keswick, Kendal, Hawick, Galashiels), being flat-bedded and 
easily squared and jointed. Where obtainable, a foontage of this 
sort is greatly improved by light-coloured sandstone dres»ngs. 
In some districts, where sandstones and limestones are scarce, the 
mica-schists, gneisses, and chlorite-schists are employed for building 
purposes; but, though tough and durable, they seldom produce 
anything like a satisfactory cflect-' * They may be formed 
from igneous rocks, or from limestone, sandstone, etc. Quart* is 
nearly always present, and the other prevailing minerals, 
«.g. mica, chlorite, hornblende, etc,, are generally fowd in 
distinct layers along which the rock splits. Mica-schists are the 
most common. 

* D&vid Page; Eecnomie Gichgy. p 8o, 
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SECTION IE. WEATHERING, QUARRYING, AND 
TESTING STONE 

The eaiUbUity of a stone for building purposes depends on its 
durability, colour, appearance, and cost. Colour is referred to in 
Chapter V, Section TV, while cost depends on many fectors out¬ 
side the scope of this book. Durability, or capability of wearing 
well under exposure to the weather, depends on the following 
considerations which come under the head of' Weathering.' 

WEATSBRli^G 

The processes ejecting the decomposition of rocks axe referred 
to in Chapttf V, Section TV. 

The attacking agents in the weathering of rocks are referred to in 
Chapter I, Section I, and are all, directly or indirectly, atmospheric. 
Even in the country the carbonic add in the air attacks stone 
containing lime and the oxygen attacks stone containing iron, but 
in dries tbe atmosphere is often polluted with ah sorts of acids, 
from smoke and ' works' of various kinds. Moreover, in all cases 
the weathering action is greatly accelerated when the air is moist, 
and frost has a destructive efiect. 

The direct actiw of tbe wind often has a destructive efrect by 
blowing sharp particles against the stone with a grinding action. 
Variations of temperature, too, afreet stone by causing expansion 
and contraction. 

Tbe reristance of stone to these attacks depends on (4) its 
ch^micai composilicn, which must be such as will withstand the 
particular adds which may be present in tbe district; (&) the 
physicai siructwe, s.g. crystalline, non-porous, and frne'grained 
rocks ofier more resistance than non-crystalline, porous, and coarse¬ 
grained rocks, and where .there is any cementing material, only a 
stone whose grains and cement are of lasting material will be 
durable; (c) the position of iho in a building may infruence its 
durability, stone on a side of a building on which rain mostly 
comes, or where sheltered from the sun and wind, so that moisture 
does not dry easily—such as the shady side of jambs, lofhts of 
arches, lintels, etc., will not last as long as where exposed to sun 
and wind. 

Weathering Properties of Sandstones and Limestones. The 
decomposition of stones employed for building purposes is greatly 
infruenced as well by the chemical mechanical compotition of 
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the stone itself and by the nature of the aggregation of its component 
parts, as by the circumstances of exposure. The oolitic li*n^skfn4s 
will thus sufier unequal decomposition unless the brittle, egg- 
shaped particles, and the cement with which they axe united, be 
equally coherent and of the same chemical composition. The 
shelly limestones, being chiefiy formed of &agments of shells, which 
are usually cxystallme and cemented by a calcareous paste, are 
unequal in their rate of decomposition, because the crystalline 
parts offer the greatest resistance to the decomposing effects of the 
atmosphere. These shelly limestones have also, generally, a coarse 
laminated structure parahel to the plane of stratification, and, like 
sandstones formed in the same way, they decompose rapidly when 
used as flags, where their plane surfaces are exposed; but if their 
edges only are laid bare they will last for a long period. 

Sanisicmss, from the m^e of their formation, are frequently 
laminated, and more especially so when micaceous, the plates of 
mica being generally deposited in planes parallel to the beds. 
Hence, if such a sandstone, or shelly laminated limestone, be placed 
in a building with the planes of lamination in a vertical position, 
it will decompose in flakes, more or less rapidly, according to the 
thickness of the lamina: whereas if placed so that the planes of 
lamination are horisootal, that is, as in its natural bed, the edges 
only being exposed, the amount of decomposition will be altogether 
immaterial. The sandstones being composed of quartsose or 
siliceous grains comparatively indestructible, they are more or less 
durable according to the nature of the cementing substance : while, 
on the other hand, the limestones and magnesian limestones are 
durable in proportion to the extent in which they are crystal¬ 
line, those wbi^ partake least of the crystalline suffering most 
from exposure to atmospheric influences. 

The chemical action of the atmosphere produces a chang:e in the 
entire matter of limestones, and in the cementing substance of 
sandstones, according to the amount of suifece exposed. The 
mechanical action due to atmospheric action occasions either a 
removal or a disruption of the exposed particles: the former by 
means of powerful winds and driving rains, and the latter by the 
congelation of water forced into, or absorbed by, the external 
portions of the stone. These effects arc reciprocal, c h e m ical action 
rendering the stone liable to be more easily affected by mechani¬ 
cal action, which latter, by constantly presenting new surfaces, 
accelerates the disintegrating effects of the former. 
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Injurious Miner&Is. Flini or chert is harder tbaji the surround* 
in g rock, and therefore resists the weather better and tends to stand 
out on the weathered surface. Cberty rocks are liable to split 
along the line of the concretions. MtM in granite, if in excess, is 
likely to induce splitting along the lines of foliation; if present in 
crystalline, limestone, or marbles is any quantity, it weathers out 
and causes pitting and spalling. P^te i$ apt to weather on 
exposure into Umomtc, and to develop pits. Tremdite, which is 
found in some magnesian Jimestone, on exposure decomposes into 
clay. 

Destructive Agents. Lichens protect most stones increase 
their durability, but give out carbonic aicid which, when dissolved 
by rain, attacks limestone. 

MoUwa—PhcUs dacfyUts and Saxuma-^hon holes in limestone, 
clay, shales, and sandstones, and weaken them. 

Appearance, especially for face-work, is important. Varieties of 
stone containing iron should not be used, nor those with any daws 
or clay-holes, while mottled or bbtched coloured stones should be 
viewed with suspicion as likely to weather unequally owing to 
want of uniformity in chemical composition. 


Quarrying 

Quarrying is an art which can only be learnt by experience. 
When stone can be obtained ftom established quarries, it will 
suffice for the engineer to know how to inspect stone at the 
quarry and what kind of stone to spediy. When new quarries 
have to be opened, <.g. in India and the Dominions, etc., the 
engineer will often be compelled to make all the necessary 
arrar^ments. as the methods of native quarrymen are often 
very rudimentary. 

Quarry Site. The iiist step is to ascertain whether the stone is 
suitable for the purpose for which it is intended. The remarks 
under ‘Weatherii^' above should be studied, and samples of 
both weathered and fresh rock should be examined as described in 
Chapter VI and under ' Testing Stone' below. 

Almost all rocks have some kind of joints or division planes (see 
Chapter il. Sections I, 11, and III), and as the art of quarrying 
depends to a great extent on taki^ advantage of these division 
planes, quarry sites ^ould be sought for where they are well 
developed. A quarry is usually worked to the dip of the rock, 
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th« strike-joints bemf known as 'backs' and the dip-joints as 
' cutters.' 

The process of stripping the quarry consists in removing all 
dirt and di«ntegrated material from the rock-fece. Frequently, 
as on hillsides, a ledge of rock is e:<posed so that very litde 
stripping is required, and in selecting a quarry site this point 
should be considered. Hillsides are the most favourable »tes for 
quarries. 

If the stone is found suitable, Exilities as regards communications 
and water are the next consideration. For important quarries 
railway sidings are essential, and water is required for the work- 
men as well as for boring, and for engines, etc. 

In mountainous districts in India there is often a dilhcuity in 
finding hard stone conveniently near to where it is required for 
work. The hardest stone is to be found at synclines, where the 
pressure due to folding is greater. The opposite is the case at 
anticlines. 

When it is necessary to get stones up to high ground the cost 
of the stone is increased, and contractors will, unless they are 
pervented, use quarries on anticlines, owing to the stone being 
easier to quarry and cheaper to transport to the work. 

Position in Quarry. In order to obtain the best stone from a 
quarry it is often essential to take it ^om some particular stratum, 
for it may happen that in the same quarry some beds are much 
better than others, while some are workless, though all may be 
similar in appearance. 

Seasoning. Most stone improves by being seasoned by exposure 
to the air. thus getting rid of the ‘ quarry sap' (see Section I 
above, GraniUi: 'Quarrying')- In hot climates, however, it is 
sometimes advantageous to retain the quarry sap, as it makes the 
stone eaaer to cut and prevents the moisture being drawn out by 
the mortar. In cold climates it is desirable to get rid of the moisture 
to prevent the stone being cracked, or even disintegrated by the 
action of host. 

Katuxal Beds. Except in comicee, corbels, etc., stones in walls 
should be placed on their natural bed. In arches, the natural bed 
should be at right angles to the thrust. Since beds are often tilted, 
the original natural bed must be carefully sought for. 'The natural 
bed can be traced in some stones ftom the embedded shells, which 
must have been deposited horuontally. 
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Testing Stone 

Where & suitable laboratory is available, detailed ex^ination of 
building atone should be left to the chemist. At the same time 
it must be remembered that laboratory tests carried out on selected 
samples are only of general application. In the case of established 
quarries the most practical test is to examine buildings made of 
the stone. If the stone has good weathering qualities, the faces of 
the blocks even m old buildi^ will exhibit no s%ns of decay, the 
arrises should be sharp and tool‘marirs should be visible. 

Some of the simpler tests can be carried out by the engineer. 
The broksn surface may be examined by a powerful glass, and 
should ^ow a sharp, bright, and clean fracture. Usually the 
densest and strongest stones will prove the most durable, hence 
specijic p'CEoiiy should be ascertained. The importance of cm$hmg 
strength has been overestimated, for the pressure on stone used in 
building seldom, if ever, approaches the actual crushing strength; 
but the crushing strength gives an indication of the resistance to 
frost. Building stone is occa^onally subjected to tension, hence 
troHeoerse strength may be important. The porosity or volume of 
pore space, and ahsorpUon or amoimt of water which a stone will 
absorb when immersed, are valuable indicators of frost resistance. 
Hardness h of importance. 

Crashing Strength. Samples, usually s-inch cubes, are subjected 
to gradually inaeasiiig pressure until the stone breaks down. The 
cubes should be true and rubb^ smooth, and should be dried at 
a moderate temperature. The cubes should be cut so that the 
pressure can be applied perpendiculax to the rift (<:/. Section 1, 
Characteristics of Granite). The results obtained are very variable, 
and tables given by different authorities vary considerably. The 
following values may be of interest:— 

Granite varies from 13,000 to 28,000 lb. per sq. in. 
Sandstone 
Limestone 
Haible 
Slate 

Traasrerse Strength. This is measured by the use of the formula 

^ vl 


6,000 18,000 

4,500 „ 12,000 
10,000 „ 22,000 
10,000 15,000 
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where R=modulus of rupture per sq. in, 

» - weight required to break stone. 

^—distance between supports. 
b - width of stone, 
depth of stone. 

Weight. The weight of stone may be important, it depends 
on the specifc gravity, porosity, and amount of water contained 
when weighed. 

DfKiiiy, 01 the weight of unit volume of stone inclusive of pores, 
is important as an indication of absorption. It varies with the 
weight. 

Absorption and Porosity. The difterence between absolute 
poro&ty, or the ratio of the volume of the pores to the volume of 
the stone, and relative porosity, or the ratio of absorption, must be 
borne in mind. There is not necessarily any fixed relation between 
the two. but a stone of low porosity can absorb but little water, 
while a stone of high porosity will absorb much water but will not 
retain it if the pores are large, as the water drains off. 

Porosity can be ascertained from the formula 


P-ioo 


W^D 

W-S 


where P—volume of pores in percentage of volume of stone. 

W -weight when saturated. 

D — dry weight. 

S-weight of saturated stone when suspended in water. 

To effect saturation the stone should be immersed for twenty-four 
hours, and the surface should be dried when taken out. 

Resistance to Frost. This depends to some extent on the size 
of the pores, and whether they are straight or winding. If winding, 
water is held and action of ffost intensified. 

The splitting of a stone under the action of frost may be due to 
quarry water and not necessarily to absorbed water. The engineer 
should endeavour to escape trouble due to frost by selecting a stone 
of well-known frcst-resistiiig power, by avoiding quarrying stratified 
stone in cold weather, and by not placing porous stone in a position 
where it is exposed to moisture. 

Brand’s Test. This test may be used to determine the resistance of 
stones to frost. It is especially adapted to oolites and other calcare¬ 
ous rocks. Cannot be applied with any certainty to other rocks. 
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1. Several specimens should be selected from a block of stone 
to be tried, for instance, those which present diSereoces of 
colour, grain, or general appearance. 

2. These fragments should be cut into 2>inch caJtes, with sharp 
edges, and each marked carefully. 

3. A saturated solution of Glauber's salt (sulphate of soda) is 
then to be boiled and the cubes submerged, and retained in the 
boiling liquid for half an hour. If a longer period elapse, the effects 
exceed those of ordinary atmospheric action and frost. 

4. The specimena are then withdrawn and hung up in the ih, 
and beneath each is placed a vessel containing a quantity of the 
solution in which it has been boiled, care being taken that it contains 
no fragments of the stone detached during the boiling. 

5. If the weather is not too wet or too cold it will be found that 
the surfrce of the stones, twenty-four hours after they have been 
suspended, are covered with small white adcular crystals of salt. 
When these appear, the cubes ue to be plunged into the vessel 
below them, to get rid of the eSorescence; and this is to be done 
repeatedly, aa often as crystals of the salt are thrown out during 
the experiment. 

6. If the stone resist the decomporing action of damp and frost, 
the salt does not force out any portions of the stone with It, and 
neither grains, lamins, nor other fragments of the stone are found 
in the vessel. If, on the other hand, the stone yield to this action, 
small fragments will be percdved to separate thmselves, detached, 
even from the first appearance of the salt, and the cube will soon 
lose its angles and sharp ec%es. The cubes are weighed at the 
end of the experiment and the difrerence noted. The experiment 
should last four days. 

Besistanoe to fire can best be tested by building a piece of wall 
and subjecting it to intense heat. 

Hardness. This quality is often important, as in pavements, 
quoins, dressings, etc., and hardness combined with toughness is 
essential for go^ road metal. It does not foUow because a stone 
is bard that it will weather well, as many hard stones are more 
liable to be afrected by the atmosphere than others of softer 
nature but whose chemical composition makes them less liable to 
decompose. 
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CHAPTER IX 


BRICKS AND CLAYS 
Clays 

CUy is described in Chapter V, Section II, but we may mention 
here that, in common parlance, the term ' day' is used to denote 
any earthy substance which can be worked up vrith water into a 
plastic mass, and ^ retain its shape more or less perfectly when 
dried by heat. 

AH the days are essentially alununo*silicic adds more or less 
mingled with impurities, and coloured by the presence of metallic 
oxides and organic matter. Generally speaking, they are soft and 
sectile; emit, when breathed upon, a peculiar odonr known as 
clayey or argillaceous, and possess the capability of becoming 
plastic when mixed with a suitable quantity ot water, and of losing 
this plastidty on being heated to a dull redness. Gay is seldom 
found pure, but, so long as the other materials vrith it do not 
interfere with its use for certain industrial purposes, such as the 
manufacture of bricks, it may for convenience be termed ' clay,' 

As the chemical analyris cf a clay only indicates its constituents 
and their percentages, and docs not give any idea as to the way in 
which the atoms aie arranged, days with the same analysis may give 
widely different results. 


Origik 07 Clays 

Pure day does not occur in Nature in a free state. The purest 
clay obt^nable is prepared by the most careful washing of the 
purest natural days. Perfectly pore clay is. therefore, a theoretical 
substance. 

Eaolinisahon. Clays are chiefly derived irom felspathic rocks, 
principally granites, though syenites, gabbros, and trap rocks also 
furnish the raw materials from which some clays are formed. 
Although the various felspars may be r^arded as the chief primary 
source of days, there are many other minerals and rocks which can 
become secondary producers of clay, e.g. hornblende and augite. 

m 
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The prodaction of d&ys from igneous rocks is termed kaatittisa^ 
iu>n, and is chiefly effected by the removal of alkalies from the 
felspars by the solvent action of water (with or without dissolved 
substances), but some other forces appear to have been at work 
and to have made the rocks capable of being attacked in this 
manner. As the kaolinisation occurs most prominently at great 
depths from the surface, it cannot be due entirely to weathering, 
but is probably due to the action of fluorine, boron, or carbonic 
add and water. 

Constituents of day. The chief constituent of all clays or earths 
possessing actual or potential plasticity is known as kaoHniUc 
clayiU. or true clay, while many clays contain a small 
quantity of kaaUtUU, which is a well-deflned cr3^alllne mineral. 
Both l^linite and kaolinitic matter have practically the same 
chemical composition. 

Eaolinite occurs only in small proportions. The crystals have 
a composition corresponding very closely to the purest china 
clays, and represented by the formula AljO^SiOi^HiO- Many 
clays are, however, destitute of matter which can be called 
crystalline. 

Kaolinitic matter is obtained in its purest form by washing high- 
class china or ball clays and collecting the finest particles. Even 
then it always contains small quantities of iron oxide, lime, magnesia, 
potash, and soda, but if obtainable in a perfectly pure condition it 
would apparently be composed of about 46 per cent, silica, 40 per 
cent, alumina, and 14 per cent, water. 

Kaolinitic matter is usually more fusible than the kaolioite 
crystals, and becomes plastic more readily on nibbing with 
water, 

EaoUn or China Clay is a white earthy substance which is the 
final product of the decomposition of pure orthoclase and other 
felspars (see Km^inisaHon above). 

Kaolin took its name feom the hill from which the Chinese in 
old times took their china clay, but the term is now used for par¬ 
tially plastic days which turn white when burnt, and are found 
near the rock from which it appears that they were formed- 
For practical purposes kaolin may be taken as the equivalent of 
china day. 

The use of the term kaolin for true day or clayite is incorrect 
DOT should it Indude cbma clay rock. 

In some parts of the world kaolins are found pure enough to be 
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used without preparation, but as a rule they have to be carefully 
washed. 

nnwa Stone or Ccmiah Stone is, strictly speaking, a partially 
kaolmiaed felsitic granite or p^znatite. It has various local names, 
such as Eivan. Grovanslow (see Chapter V, Section II), and St 
SUphw's Sione, which are often applied, somewhat carelessly, to 
other granites. It is valued as a flux, and corresponds to the 
Chinese Esiuntst. On complete decomposition it passes into a 
heterogeneous maftg of which china clay is the most important 
ingredient. 

China Clay. See under ‘ Varieties of Clays.’ 

China Clay Rock (carclazite) is a soft granite ea^y broken up by 
the weather and sufficiently decomposed to be treated for the 
removal of its contained china day. It usually contains only 
about 20 per cent, of clay, the remainder being about 15 to 20 per 
cent, of mica and about so per cent, sandy quarts. OixasioQally 
portions containing as much as 50 per cent, of china clay are 
found, particularly from the greatest depths. 

Clays. ’ Of the clays used in this country for economic 
purposes may be mentioned the china clays or kaolins of Cornwall, 
which have been formed from the decomposition of the felspathic 
constituents of granite ; the Watcombe day, which occurs in the 
Trias, and is now used in the manu&cture of pottery; the cal¬ 
careous Liassic clays, used for brick-making and burning for lime 
and hydraulic cement; the various cla3's of Oolitic and Keocomian 
Age. some of which are used for brick-makii^, etc.the Gault, 
the days of the Woolwich and Reading beds, and the London day, 
ail of which are used for bricks ; the celebrated Poole day. dug at 
Warebam, which belongs to the Bagshot series, and is extensively 
used for pottery. The days of the Bovey beds, large quantities 
of which are azmually shipped at Teigomouth, a^ord good pottery 
days and pipedays. There are also many brick-earths and days 
of post-Tertiary Age which are extensively used for brick-making 
and other purposes.’ > 

The majority are superficial deposits occurring in estuaries, 
desiccated lake-sites, river-valleys, and upraised sea-beds, or 
scattered over the surface as drifts or boulder-clays. 

The river-mud in the Medway and at the mouth of the Thames 
is largely used in the manu^cture of Portland cement, after being 
artifidally mixed with chalk and burnt. 

' Fr^iUe RuUey: Stvdy of SocJu, pp. 2S4-5. 
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Qualities of Clays 

Plasticity is one of the most important qualities. A material is 
said to be plastic when it can be kneaded or pressed into any desired 
shape, and remains in that shape when the kneading ceases or the 
pressure is removed ; this alteration of shape being capable of being 
repeated indefinitely. Very few people agree exactly in their 
conception of plasticity, Thus a bricfcmaker terras a day plastic 
when it will work well in his machine and is capable of being kneaded 
into a ' good' paste, but a potter usually places more empbads on 
the binding power of a clay, thot^h he terms this its plasticity. 

It may be here noted that it is the combined water which gives 
kaolin iU plasticity. If this be driven off by strong heat the residue 
is no longer plastic. This water, for instance, is expelled in the 
burning of bricks, and though powdered brick 'Adll absorb a great 
deal of water, it is impossible to make it in the least degree plastic 
by any amount of water. The degree of plasticity seems to depend 
largely on the fineness of the particles. 

The binding f>over of a day is the property it possesses of uniting 
with non^plasCic material and water to form a umfbim plastic paste, 
and is consequently closely related to its plastidty 

‘ Fat ‘ and ' Leofi ’ C/oys. Clays with a high binding power are 
known technically as ' fot * clays; * lean' ^ys are deficient in 
binding power. 

Fat days possess a high degree of plasticity, and are character¬ 
istically unctuous to the touch. They usually shrink on burning, 
and, unless carefully treated, are likdy to cr^ and split. Lean 
days usually contain a considerable proportion of free silica or chalk 
(see Loams, Marl, etc., below), and consequently they shrink but 
slightly in drying and firing. 

A fat clay may be made lean by the addition of any suitable 
non-plastic material, grog or fine sand usually beii^ employed, 
though in some districts is used on account of its accessi¬ 

bility. 

V^en excessively lean, a clay is too weak to retain its shape if 
made into vases, etc., but for artides of simple form, such as bricks 
and tiles, the leaner the clay the better, for it may be dried more 
rapidly. 

‘ Long' and ' Short' Chys. The term ' short' is sometimes 
used as synonymous with ' lean,' but it should preferably be used 
for day pastes which break oS suddenly when pulled asunder, 
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without the usual tapering extension shown by highly plastic days, 
In the same way ' long ’ days are those possessing considerable 
ductility or tenacity. 

‘ Strong ’ and ' Miid ‘ Clays. The term ' mild' is also sometimes 
used as synonymous with ' lean,' but is better used in contra¬ 
distinction to the ' strong ' surface clays with high plastidty, great 
toughness, and excessive shrinkage. 

The sticldness of certain clays London clay) is very pro¬ 
nounced, but must not be confused with true plasticity. Ashley 
has stated that if the granular constituent is removed liom a plastic 
body it loses plasticity and becomes sticky until the granular 
constituent is restored This suggests that the practice of adding 
granular material of a non-plastic nature, so common amongst 
users of London clay, is based upon a sound prindple. Sticky 
days are difhcult to mix with water, and crushing rolls of special 
design must be employed. 

Toughness and stickiness are commonly associated, and cause 
much difficulty when a uniform, homogeneous material is required, 
as a sticky clay permits the rollers used for crushir^ to slip, 

unless they are specially designed to obviate this difficulty. 

Oiliness is a characteristic of some days, and Is distinguished 
from stickiueas in the smoother feel and less adhesiveness of the 
materiai. 

Sectility, or the capability of being easily cut, is a characteristic 
of days which occur in a plastic condition, such as ball clays and 
many surface clays. This property often serves as a simple means 
of distinguish^^ * days' from many other minerals, though the 
* clays' so found may not be of any coromerdal value. Anyone 
constantly eng^ed in examining clays soon learns to recognise 
certain varieties by their sectility and by the slightly glossy appear¬ 
ance of the freshly cut surface, though these cannot be clearly 
described. 

The odour of clay is indescribable though characteristic, and is 
most observable when the material is freshly cut. The source is 
not positively known, but is ascribed to organic substances in the 
day. 

The spedfic gravity, density, or relative weight of a clay is of 
theoretical rather than of pradical importance. 

The term density is occasionally used to indicate impermeability, 
a sample of day being, in this sense, said to be dense l^cause water 
will not penetrate ea^ into it. 
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The refractoriness of a day ia its power to redst the action of 
heat under a steadily rising temperature and in the absence of 
disturbing conditions (cf. Fttsibilify, below). 

Clays vary greatly in their refractoriness, some very calcareous 
marls fusing at a red heat, whilst high>giade hredays and china 
days have a softening-point above i$oo" C 

Refractory clays are of two kinds: (i) those containing nearly 
as much alumina as silica, and (2) those in which the sUica largely 
predominates. The former are neutral and the latter add, and 
should be used only in contact with add materials. 

Pure silica is nearly, but not quite, as refractory as pure clay, 
and sometimes mixtures of clay and silica are quite refractory 
so long as they are pure. Directly a small percentage of hme, 
magnesia, iron, or alkali enters into the composition of the mixture, 
the refractoriness is seriously diminished. 

The texture of a day is important, as the smaller the particles 
the more easily will the clay fuse, since they enter more quickly 
into reaction with the duxes than do the coarser particles. 

According to the purposes for which it is required, articles made 
of a refractory day must be btamed to an open or porous mass, 
a mass with an open interior but a dense surface, or as dense a 
material as can be produced, and clays of corresponding density 
should therefore be selected when possible. 

Contraction or Shrinkage is chiefly, but not entirely, due to the 
removal of water from clay by evaporation at the ordinary 
temperature (air shrinkage), at a somewhat higher temperature 
in a dryer (dryer shrinkage), or duriJ^' the burning (Join or fire 
shrinkage). 

The general idea is that as the water is removed, that which 
remains draws the clay particles together into a smaller and denser 
mass. If the clay is not subjected to draughts, the contraction 
will take place equally in all directions and the shape of the 
article will be retained. Highly plastic clays are extremely difScult 
to dry satisfactorily, as they shrink irregularly and set up internal 
strains which may easily cause the articles to crack. 

The amount of shrinkage appears to depend upon the rate at 
which the day is dried, for if this operation is performed rapidly 
the shrinkage will be less, the clay partides not having time to 
move over each other so freely as when the drying is slower. Rapd 
dr3dng tends to crack dense clays, owing to the partides near the 
outer surface contracting more than those near the centre of the 
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article. Hence it is iiecessaiy to determine the best conditions of 
drying a given clay. 

Colouring. ‘ The varied colouring of clays (and other rocks) is 
due to the presence of iron in various states of oxidisation, and to 
organic matter. The latter colours the clay from i%ht grey to 
black. The fonner, in the state of anhydrous peroxide, imparts 
the deep reds which, on becoming hydrated, change to bright 
yellow, while intermediate conditions and concentration of the iron 
give shades of brown and purple. The grey days so largely 
developed as dutches and firedays in the Coal Measures owe their 
colour, in addition to the presence of carbonaceous matter, to 
carbonate of the protoxide of iron in a fine state of subdivision, 
and occaaonahy to the presence of finely divided bisulphide of iron. 
In the white and light grey clays, iron occurs principally in the fonn 
of carbonate of the protoxide. It has also been shown that many 
days contain a notable proportion of titanic add.’ ^ 

Chemical Properties. Pure clay is insoluble in dilute hydro¬ 
chloric, nitric, or sulphuric acid, but is readily decomposed by 
boiling sulphuric add and hot solutions of soda or potash. It may 
also be decomposed and rendered soluble by fusion with alkalies, 
or with alkaline carbonate, or with lime and ammonium chloride. 

The effects of the different coostitueots of clay are described 
below (see ’ Impurities in Gays ' below). 

The value of an ordinary (ultimate) chemical analysis consists 
chieffy in showing the presence or absence of an excess of any 
desired constituents—as the alkalies, lime, magnesia, and titanium 
oxide in a refractory clay, the iron in a bt^-buming clay, the 
silica in a day to be salt-gl^d, etc., but it gives Uttle or no informa¬ 
tion on the behaviour of a clay in the manufacture of ordinary 
goods. 

lM?tnuT:E8 IN Clays 

Assuming that ‘ pure clay' is composed of alumina, silica, and 
water in the proportions in which these occur in kaolinite or in 
the purest china days—viz. silica, 46*51 per cent.; alumina, 
39*54 per cent.; water, I3‘95 per cent.—an excess of any one or 
more of these ingredients and of any other materials present may 
be regarded as 'impurities,' though these may be necessary for 
the production of certain goods or in order that the ‘ day ' may 

' Jos«pb Pmtvich: Gt^ogy, Physifial. and StrtUigrafAica!. 

vq], i, p. sB. 
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have certain properties. Thus iron oxide is an essential constitaent 
of red-burning: clays, and felspar or other fluxes are equally necessary 
in days which it is desired to vitrify. Nevertheless, this assumption 
is convenient in so many ways, dnce the errors involved in employing; 
it may usually be neglected, and all' days ’ may for most purposes 
be regarded as composed of a hypothetical 'true clay' and 
‘ impurities.' In this sense the chi^ ' impiuities' in days are 
dlica and alumina compounds other than ' clay'; iron com¬ 
pounds ; lime, magTiesia, soda, and potash (usually termed 
' alkalies'), and compounds of all these oxides, water, carbonaceous 
matter, and various minerals which may be conveniently classified 
together without regard to their composition. 

Silica in the form of quarts, tridymite, chalcedony, flint, or 
quartzite, may be present in clays in an uncombined state, or it 
may occur as a constituent of one or more minerals (silicates). 

The chief effect of adding tree silica to a plastic day is to reduce 
its plasticity, shrinkage, tendency to warp and crack, the amount 
of water required to make it plastic, and the tensile and crushing 
strength, and to increase its porosity after firing. If the day is 
very impure, the addition of free silica may increase its refrac¬ 
toriness, but the opposite effect is produced with a day relatively 
free from fluxes, though the ability of the latter day to withstand 
sudden changes of temperature may be increased. 

Silica is largely used for the prevention or reduction of shrinkage, 
and is added in the form of sand or crushed rock to bricks, tiles, 
and coarse pottery, and as ground flint to white ware. 

The addition of silica to a day will raise the fusing-point cf a 
clay if the latter is rich in fluxes (lime, magnesia, and alkalies), 
but it may have no influence on, or may even spoil, a refi^tory 
clay. 

Alumina (A4O9), like silica, occurs naturally in all clays: (a) 
in combination as an essential constituent, (b) in combination as 
an ' impurity,' and (r) in the foee state. Free alumina is, however, 
seldom observed in raw days, though according to Van Einimeler 
it occurs in many of them in the form of iaUriie or hydrargUUtt 
(Alf02.3H20), both of which are decomposition products of diorites 
and granites. Alumina is also produced by heating days to redness. 

Alumina behaves sometimes as a base and sometimes as an acid. 
In clays its action is apparently neutral, so far as it is a constituent 
of the clay molecules and not as an ‘ impurity.' 

In the form in which it exists in relatively pure clays^as a 
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h7drat«d ^uminlum silicate or an alummo-silicic acid—alumina 
xnay be considered to be tbe chief refectory o^e: indeed pure 
alumina is practically impossible. 

The other chief compounds of alumina occurring in days are 
felspar and mica. Their effect on refractory clays is to increase 
their fusibility, but with others they merely reduce the plasticity. 
The effect of addiog free alumina (either artiffdally prepared or in 
the form of native hesttxiU) to a day is similar to that of adding 
free silica, but a somewhat more refractory material is produced, 
and clays rich in alumina are apparently more viscous, and so retain 
their shape well when heated to the softening-point. 

Iron Compounds. The chief compounds of iron occurring in 
clays are the two oxides (see Chapter III, Section II) (more or less 
hydrated), the carbonate, sulphide, and various minerals containing 
iron as an fttsential constituent, such as glauconite, ilmenite, etc. 
They are obtained from decomposed ferruginous rocks, either by 
dire^ admixture or by their becoming dissolved by organic adds, 
and the solution penetratiiig into the clay and being decomposed later. 

Very few clays are quite free &om iron compounds, and in buff 
and red-bnming days iron is essential to the production of the 
colour. Thus a clay with mere than 4 per cent, of ferric oxide will 
usually bum red, with 3 to 4 per cent, it will be more brown or 
even purple, and with less than 3 per cent, it will usually bum 
white or buff. The colour is not closely proportionate to the 
amount of iron oxide present, but depends on the size of the particles 
and whether lime compounds are also present. 

Iron pyriUs is a not uncommon accidental product present in 
clays, and unless separated, durable, to say nothir^ of well-coloured, 
brick can never be made of the clay. The pyrites is but partially 
decomposed in the kiln ; oxide of iron and basic sulphides of iron 
remain. When these are exposed later on to air and moisture, 
which are absorbed to all depths in brick, oxidation takes place, 
sulphate of iron, and frequently also sulphates of lime or alums 
(sulphates with double bases), are formed, and, crystallising within 
the mass of the brick, split it to pieces. 

Lime Compounds, if in a very finely divided state (as chalk), 
are not injurious to clays used for brick-making, but coarser particles 
must be avoided, as they cause disintegration later. Marls (which 
are rich in lime compounds) are much used for brick-making, but 
boulder-day (in which the limestone is in a coarse state) is less 
satisfactory, as the limestone cannot be ground sufficiently fine. 
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If the lime compounds axe in the form of chalk and very evenly 
distributed throughout the mass, they will combine with any iron 
oxide and some ftee silica in the day, destroying the red colour 
normally produced by iron and yielding a bufi or whitish artide 
(see MsUms under ‘ Varieties of Clays' below). Hence it is im¬ 
possible to produce a good red brick from a day containing much lime. 

Clays containmg lime compounds fuse more readily and become 
impervious (vitrified) at a lower temperature than others. 

lime compounds diminish the plasticity of clays to which they 
are added, but to a less extent than silica. 

Magnesium Compounds are of rather less importance than lime 
compounds in clays. They are derived in a siiniiar manner from 
the destruction of magnesiaa rocks, and in many ways act like 
the corresponding compounds of lime, except that, when added to 
cla3’s, magnesia acts much more slowly than lime, and conse^^uently 
a high degree of vitrification can be secured in a clay with less risk 
of loss of shape than when lime compounds are used 
Titanium Compounds occur more frequently in clays than is 
commonly supposed, though only in small quantities, as they are 
usually includ^ in an andysis in the figures for al umina . They 
occur chiefly as (TiO*), iUneniU (TiFeOj), and tU^iU (CaTiOj), 
and act as somewhat powerful fluxes; hence clays which are 
required to be h^hly refractory should not contain more than 
2 per cents 

Alkalies (potash and soda compounds) are the most powerful 
fimtes known. Their eflect is (<z) to increase the fusibility ; (^) to 
produce a scum on the surfree of the goods ; and (e) to diminish 
the plasticity of the clay when it is made into a paste with water. 

Alkalies, when existing in clay to any great extent, are detrimental 
to its use as a material for biick-making, as their action as a flux 
causes the clay to melt and become useless. 

Common soft is nearly alwa3rs present in minute quantity in clays, 
but when these are taken from the seashore, from beneath the sea< 
washes, or from localities in and about the salt formations (Trias), 
they frequently, though in all other respects excellent days, are 
unfit for burning into good brick. Chloride of sodium is not only 
a powerful flux when mixed even in very small proportion in clays, 
but possesses the properly of being volatilised by the heat of the 
brick-kiln, and in that condition it carries with it, in a volatile state, 
various metallic compounds, as those of iron, which exist in nearly 
all days, and also act as fluxes. Tbe result is that bricks made of 
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such clays taad to fuse, to waip, t^t, and a^utinate together 
upon the sui^ces long before they have been exposed to a sufficieDt 
or sufficiently prdonged beat to bum them to the core into good 
hard brick- ‘ Place bricks ' can be made of such day, but nothii^ 
more; and these are always bad, because never afterwards free 
from hygfometric moisture. 

A large proportion of oarhonacsous or organic matter in an open 
brick earth is an advantage, as it reduces the amount of fuel 
required to bum the bricks, but much carbonaceous matter natur¬ 
ally mixed in clays is also In certain states objectionable, for when 
not burnt completely and in tbe kiln, which is sometimes difficult 
with the denser clays, the bricks are of a difrerent colour in the 
exterior and interioT, and will not bear cutting for face-work without 
spoiling the appearance of the brick-work. But, worse than this, 
such bricks, when wetted in the wall, occasionally pass out soluble 
compounds like those absorbed from soot by the bricks of the flue, 
and like these (when used again in new work) discolour plasterii^ 
or stucco-work. 

Water occurs in three forms ia clay, viz,: 

(а) as moisture or dampness; 

(б) as water of formation, or that which is added to produce 

a workable paste; 

(<) combined water. 

(a) The moisture ia a clay is sometimes troublesome, as it may 
produce a sticky adhesive material which is difficult to manipulate, 
and must therefore be dried or mixed with some absorptive, such as 
grog, very dry clay, or sand. Usually when the clay has been made 
into bricks, tiles, pottery, etc., the moisture becomes part of the 
‘ water of formation,' but it is in the grinding of the clay where the 
presence of moisture per st is apt to be troublesome. 

Clay is naturally hygroscopic, and when fully dried and then 
exposed to the air it rapidly absorbs moisture from the latter, even 
though it may not become actually wet. 

(ft) WaUr of fonnetion. Water is added to day for a definite 
purpose, viz. to make it of convenient consistency and pl as ticity, 
and cannot, unless it be present in excess, be regarded as an impurity. 
Any excess of water may usually be removed by exposing the clay 
to the atmosphere, or, more rapidly, to a current of warm air, 

In the manufocture of articles it will be found that each kind of 
day requires a definite proportion of water for its effident manipula- 
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tion. If more is added it will become too weak; if less it will be 
too short. The amount of water needed for the purpose is less in 
proportion as the ratio of non-plastic rnaterial in the body increases. 
Therefore the leaner the clay, the less water it will need to temper it. 

(c) CofttAinad aaUr. AH clays contain an amount of combined 
water roughly proportional to the true clay and other hydro- 
alnmino-silicates present, which cannot be removed without beating 
the day to redness. This combined water is an integral part of the 
clay molecule, and is represented by aH^O in the formula for kaolin 
(Al,0,2Si0,,2H,0). It is only expelled at a temperature of 400* 
to 600* C., and is accompanied by a slight shrinkage; the day then 
loses its plasticity, and cannot recover it by any treatment yet 
devised, but becomes hard and stony, 

The combined water is essentiai: the plastidty of the clay 
depends upon it, and it cannot in any sense be regarded as an 
impurity. 

Effects of Heat ok Clay 

In the beating of a clay four distinct stages may be quoted, each 
one overlapping the others to some extent. These four stages are 
termed: 

1. Baking, or heating until the day partides have lost their 

plastidty and have formed a moderately hard mass coroposed 
of partides adhering together, the mass remaining porous. Fire¬ 
bricks, the softer varieties of building bricks, such as ' rubbers,' 
and ‘ biscuit-ware ' are of this type. The end of this stage is some¬ 
times termed ofincij>ient vUrificaUcn, or the sinUring-poini. 

2. Vitrifying, or heating the mass until some of the ingredients 
have melted and have partially or completely closed the pores, as 
in stoneware and porcelain. The completion of this stage occurs 
at the point of maximum shrinkage without loss of shape. The 
vitrification will continue until the whole mass is fused, if the heat 
be sufficient; but if (as is usually the case) the shape of the material 
is important, the end of the vitrification stage of firing may be 
taken as stated. 

3. Squatting or Softening, which occurs when so much of the 
material has fused that the begins to lose its shape and becomes 
viscous. 

The temperature difierence at which these changes occur vary 
with each day; thus a clay rich in magnesia may be far more 
completely vitrified without losing shape than another day contain¬ 
ing the equivalent proportion of lime. Hence the infiuence of 
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impurities in day is often most powerful when the Utter is heated 
to the temperature of vitrification of the mixture. 

4, Fosion occurs if the material is changed from the solid to the 
liquid state, but complete liqiwfection takes place so gradually 
with most clays that a ' fusion-range ' and not a ' fusion-point' is 
obtained. 

Fusion may commence at a temperature of only 500* C., but may 
be incomplete after the material has been heated to a temperature 
of 1200* C-, though the amount of fused substance has increased 
all the tima 

A reaction commences between the alkalies and the siliceous 
matter in the day. then the lime euters into combination, and i% 
rapidly followed by the iron. The finer partides of fusible minerals 
next fuse, and as the volume of fluid increases with a rise in tempera¬ 
ture, it attacks the clay particles, then the coarser quarts, felspar, 
etc., until only the largest particles of the most heat-resisting 
materials are left. In the manofticture of artides fiom clay there 
must always be left a suffident ' skeleton ' of unattacked material 
to enable the shape of the article to be retained. 

The fusibility of a day is a characteristic which is seldom studied, 
as the temperatures at which most clays fuse are so extremely 
high as to be almost unattainable. What is usually termed the 
' fusibility' of a clay is really the temperature at which suffident 
of its ingredients have fused to cause the whole mass to lose its 
shape. This is really the softening temperature. 

It is more usual to refer to the ‘ refractoriness ' of clay than to its 
fusibility, 

Contracdon. Two sets of forces, then, are or may be in play in 

the burning .of brick—chemical, and physical or molecular_and 

must be held in view by the scientific brick-maker. To the latter 
belongs the contraction that takes place in the process of firing of 
all porcejain and brick. This is greatest with those which contain 
most alumina, and with any given specimen is great not only in 
proportion to the elevation of the temperature to which it is exposed, 
but with the duraUon of the time of exposure. It is least in com¬ 
pounds in which the silidc add predominates; and if these pass 
partially the crystalline to the vitreous state of aggregation 
ID the firing, the specific gravity is reduced and the increase of 
volume may more than equal the contraction. This is said to be 
the case with Dinas firebrick, which, when highly heated in furnaces 
built of It, is said to expand. 
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Colow. There is little or no connection between the colour of a 
raw clay and that after firing, and the effect of heat on colour can 
seldom be predicted with certainty. Thus, although clays low in 
iron usually burn while or buff, and those with 5 per cent, or more 
of iron generally become red or burn on heating, this is by no means 
always the case. A clay containing both iron and lime compounds 
will, at a low heat, bum red owing to the iron oxide present, but at 
a higher temperature the lime will unite with the iron to form a 
yellowish or cream-coloured silicate of iron and lime. For this 
reason red-burning clays are mixed with chalk to make ‘ white' 
bricks. The conditions of heating also affect the colour; thus, 
certain clays containing iron compounds will bum red in an oxidis¬ 
ing atmosphere, but in the presence of carbon and a Hmited supply 
of air a black or ' blue ' colour will result, the difference being due 
to the formation of less h%hly oxidised iron compounds, owing to 
the reducing atmosphere employed. 

VARistiES OP Clays 

China Clay or kaolin is the purest form of clay known, and on 
analysis yields almost exclusively alumina silica and water—the 
' impurities' in first-class china clays not exceeding 5 per cent. 
China clays are less plastic than the common or plastic clays, and 
generally bum to a white porous mass: but even the less pure 
forms are valued 00 account of their refractory nature. China day 
is soft to the touch and has a soapy feel, that from Cornwall being 
more unctuous than clays from other parts of Europe. If cut 
smooth and rubbed with a piece of smooth bone it will take a 
beautiful polish. 

Chioa day is found in china clay rock (see above), and also in 
pockets of relatively pure clay. In both cases it forms a yellowish- 
white mass, usually containing crystals of quartz and undecomposed 
granite, and numerous lamellar partides of mica. 

Ball Clay, which occurs as a stiff plastic mass, very difficult to 
Hig , is cut into rectangular or cubic blocks or ' balls' weighing 
al»ut 36 lb. each, and measuring about 9 inches by 6 inch« by 
5 inches. It is from these that the ball clays derive their name. 

Ball clays are remarkably plastic, and contain so little iron that 
they are largely used for the manufacture of white ware. Before 
firing they are dark-coloured—sometimes approaching black, owing 
partly to the organic matter they contain, which probably has some 
connection with their extraordinary degree of plastidty. They 


304 GEOLOGY FOR ENGINEERS 

ofteo contain 3 or 4 per cent., or even a larger proportion of carbon 
in the form of lignite or other oi^fanic matter, chiefly of vegetable 
oiig^. In chemical composition the ball clays do not di:?er greatly 
&om the china days, except that they often contain a rather larger 
proportion of alumina and iron, are more vitreous when hred, but 
do not burn so white as the china clays. They are found away from 
the granitic rocks, from which they are supposed to have been 
primexily derived, and have in the course of their travds been so 
treated that they have gained enormously in plasticity without any 
noticeable change in compositioD. 

Ball clays are largely used by potters to produce a plastic and 
easily worked body. They axe really the foundation of most 
pottery, other clays and non-plastic materials being added to correct 
any excessive shrinkage or other defects in the ball day, or to give 
the mixture spedal properties. 

Pipeclay was originally any clay suitable for making tobacco* 
pipes, but the term is now used to indude all white-burning days 
of considerable plasticity. Thus the ball days form one end of a 
series, with pipeclay as the central member and china day as the 
further end. 

Ochre and Bola are clayey earths furnishing pigments. 

Adobe Clay Is similar to ‘ loess/ and is a dlt mixed with coarser 
calcareous matter. It is chiedy found in countries in which streams 
occur which are usually rapid, but which periodically slacken speed 
and so carry ofi only the day and a few heavier particles to other 
places. 

Qrog is burned day. It is used to reduce the shrinkage of plastic 
days and to gfve additional porosity. It enables refractory goods 
to withstand sudden changes of temperature, and has an advantage 
over sand and other forms of silica in that it does not swell when 
heated. 

The use of a large quantity of grog in a day mixture also reduces 
the proportion of alkalies present, as these are partially volatilised 
during the preparation of the grog- Hence this forms a convenient 
method of sightly raising the heat-re^sting power of a day. 

Grog is often obtained by grinding old firebricks, but the best 
qualities are made by burning a high-grade fireday in a shaft kiln 
out of contact with fuel, grinding the product to a coarse powder, 
and reraovii^ the dust by screens with twelve or sixteen holes 
per linear inch. 

Ckam^ is the foreign equivalent of grog. 
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Latorite Clays (see Chapter VIH, Section 1 ) are those which are 
presumed to have been chiefly formed In tropical areas or under 
tropical conditions by a process of exposure or ' weathering/ which 
results in the production of a mater^ containing free alumina as 
well as free sUica. The manner in which this specie form of weatKer- 
ing occurs and the agencies which eflect it ate not known« though it 
is understood that laterisation is a kind of ' continuation eflect' 
whereby ordinary clays under tropical conditions are partially 
decomposed into fl'ee aloroioa and silica, fonuing lateiites. 

The characteristic features of laterite clays are their peculiar 
red colour^though some grey ones are known—and the large 
p«rcent^;e of flree alumina they contain. 

Loess is a German term, also used by American clay-workers, for 
a peculiar light yellow or yellowish-grey marly loam of fluviatUe or 
solian origm (see Chapter I, Section I). It also occurs as a quartz- 
sand of a dirty yellowish-brown colour, mueed with a small quantity 
of clay and sometimes also containing chalk or limestone. Loess 
is not truly plastic- It contains numerous calcareous concretions, 
which sometimes take curious shapes, and are known on the 
Continent as ‘ loess-men/ 

It also has a characteristic porous structure which tenders it 
easy to recognise. 

Marls are natural mixtures of clay and chalk—the latter being in 
a finely divided condition—but the term ‘ marl' ia often used to 
describe a iriable or cnunbly earth in order to distinguish it from 
plastic clay and from the harder shales. This use of the word 'marl' 
is distinctly confusing, though very common, particularly in con¬ 
nection with the Staffordshire deposits used for making blue bricks. 

Unless distinguished by some adjective, the term ' marl' may 
be understood as referring to a clay made impure with chalk or 
extremely fine limestone, which often has a greenish or yellowish- 
brown tint, owing to the presence of iron oxide. If bituminous 
matter is present the material is dark in colour. When exposed to 
the air H breaks up and falls to a mass of irregular pieces, or even 
to powder. 

Marls are clas^fied according to the percentage of lime and clay 
as (i) ma rls, and {z) clay marls, but no definite figures have 
yet been ^eed upon as to the limit of composition for each class. 

The term ‘ marl' is not used for clays containing lass than 
10 per cent- of chalk, f.#. for those which do not tfiervesce violently 
on the addition of hydrochloric add. 
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For ordinary malm bricks as much as 25 pM cent- of chalk may 
be present in a clay» but for bricks and tiles intended to resist the 
action of the weather 12 per cent, is the most usually permissible* 
though much depends on the nature of the other ingredients. 

The plasticity of mails depends on the proportion of silica 
and alumina so that* generally speakinf, clayey marls may be 
considered as plastic substances* but calcareous marls as lean and 
friable ones, without much coherence, though usually sticky when 
wet. 

Marl is markedly lighter in weight than day. 

Sagg^ marls are really fireclays of second quality, but sufficiently 
refractory to be used in the production of saggers or cases to protect 
the goods whilst in the kiln. 

Malms ate clays containing, in the natural state, a considerable 
proportion of chalk, and may often be made into bricks without 
any admixture; but as clays containing exactly the proper propor¬ 
tions of clay and chalk are somewhat scarce* it is usual to prepare 
artfficial mdms by adding chalk to clays otherwise suitable. The 
obj ect of the chalk Is threefold: in the first place* it acts mechanically 
in diminishing the contraction of the clay during the drying and 
burning; secondly* it acts chemically as a fiux during the burning, 
combining with the silica of the day so that a much harder and more 
durable material is produced; and thirdly* it produces bricks of 
a pleasant whitish or bufi colour, due to the combination of the 
lime with any iron compounds in the day. 

Loam !$ a term used to describe any soil which is ndther distinctly 
sandy nor clayey in texture. It comprises the light* open soil 
produced by the decay of leaves and other vegetable matter* and 
also mixtures of sand and clay. Agriculturists speak of light and 
heavy loams according to the proportion of clay present; also of 
sandy and calcareous loams according as sand or chalk is a pre- 
domijiating constituent. 

Some writers appear to confuse loams with Tnark. la loams, 
there should not be sufficient limestone or chalk to make either 
of these substances characteristic of the material. Broadly, the 
distinction between them is that loams are sandy days whilst 
marls are calcareous ones. 

In the sense in which the word is used by biick-isakers, loam is 
intermediate between the plastic clays, which shrink too much to 
be used alone, and the sands, which cannot be moulded into bricks 
without the aid of powerful machinery, 
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Sliale. Clayey igcks which split mto layers along planes of 
bedding are called shala ; JtVkf, blug^ntui, ^laU. shiver aie other 
names applied by mineiB to the same rock. Shales containing a 
sufficient quantity of iron pyrites are used for the mamifacture of 
alum, and are called alum shaUs. When there is a good of 
sand present, the rock is called ar^na^otts or sandy shale, or 
skme-hind or rock-bind. These forms pass gradually into argil' 
laceous sandstones and common sandstone. Shales stained dark 
by vegetable matter are called carbonaceous shah. bass, or haft 
When such shales contain sufficient bituminous matter to be used 
for the manufacture of paraffin, they are called oil skaUs^ Such 
shales pass gradually into cannel coal occasionally. The streak of 
oil shales Is usually brown. 

Cluach is a term largely used to indicate any clay which is mined 
and not quarried, and particularly certain shales and fireclays 
found near coal seams. The ' clunches ' vary greatly in composi¬ 
tion, and some of them are far too impure to be used for anything 
better than common bricks; others are good for firebricks and 
other refractory goods. The better qualities of clunch are identical 
with firecla3's, and can only be obtained by carefully selecting the 
material in the pit. Inferior qualities may be regarded as liick- 
making shales. ‘ Stone clunch ‘ is another name for gannister (see 
under ' Refractory Materials' below). 

Flaky Clays are intermediate between fat clays and shales. 
When crushed, they form Bakes which will not easily unite to form 
a uniform plastic mass unless this is made too soft to be convenient. 
They must be so treated that the flakes are destroyed, or the days 
cannot be used. 

Flint Clays are usually refractory, but they derive their name 
from their intense strong (flint-like) hardness, their conchoidal 
fracture, and their general structure, which is not unlike that of 
flint. When feirly pure they are added to excessively plastic 
clays to reduce the plasticity of the latter, though they are costly 
to grind. 

Fuller’s Earth is a term used for any earthy material which will 
act as a grease absorbent, and may be employed for fulling wool. 
FuUer’s-earth is also used for decobrisuig oils, particularly cotton¬ 
seed oil, lard oil, castor and coco-nut oils, and in the manufacture 
of some soaps. 

The term is usually applied to certain white marb and oolite 
clays, but some varieties of china clay are also used for this purpose. 
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Bejck and Tile Clays 

Diatribntion. Brick and tUa days are widely (Mused. The 
thickest and most extensive beds are the so-called ‘ brick clays' 
of the Gladal or immediately post-Gladal period, and which are 
generally fine in texture, and red, blue, yellow, or grey, according 
to the rock formations from which they have been derived or with 
which they are associated; but abundant supplies can also be 
obtained finm estuary slits, from the clays of the Tertiary system, 
and occasionally from the outcrops of the argillaceous beds of the 
older systems. 

Brick Clay. This term, though used by some geologists in 
contradistmctioD to * boulder-clay,’ should more corre^y be 
used to indude all clays capable of being used commercially to 
produce bricks. 

Owing, however, to the large proportion of material other than 
day usually present in so<alled ‘brick clays,’ it is generally 
preferable to use the tenn ' brick earth.’ 

Brick Barth is any material of an earthy nature suitable for 
making bricks. The term is often confined to certain superficial 
deposits in the London basin, but may be conveniently extended 
to include all mat^ials used for brick-making, with the possible 
exception of unmined shales and rocks. In this wider meaning 
the term ' brick earth ’ includes the following 

1. Plastic clays. 

2. Loams or sandy clay. 

$. Marls or calcareous day. 

4. VitrifiabJe days (for engineering bricks). 

5. Fireclays (for firebricks). 

6. Silica rocks (for silica bricks). 

The two last-named may, however, be exduded as being ‘ rocks ’ 
rather than' earths.' 

Most brick earths consist of an irregular nuxture of pure clay 
with sand and other minerals. Pure clays, especially when highly 
plastic, are not suitable for brick-making unless mixed with appro¬ 
priate non-plastic xnateriaL 

No definite comporition can be stated as truly representative of 
brick clays, as the amount of shrinkage on drying and burning is 
often more important than the chemical composition of the earth. 
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Any plastic earth in which the total shrinkage do» not exceed 
10 per cent, is worth investigation as to its suitability for brick- 
making, and particularly so if its composition approximates to 
silica, three-fifths; alumina, one-fifth; iron, lime, magnesia, 
manfanese, soda, potash, and ‘loss on ignition.' one-fifth. Such 
a composition corresponds to 50 per cent, true day (Kaolinite, see 
‘ Origin of Clays' above), and this should form the chief constituent 
of brick earths. 

Ihe efiect of ‘ impurities ’ in cla}^ is described above. 

A good brick earth should contain, in itself, suificient fiux to 
fuse some of its constituents at the temperature attainable in the 
kiln, but not so much as to make the bricks nm together and 
become vitrified. 

It frequently happens that a day, as found in Nature, is unfit 
for brick-making purposes; it will probably be found that it is 
deficient in some necessary quality, and has to be supplied 
by mixing it with other da3's, or by adding the constituent lacking, 
such as sand, lime, or burned day. The amount of this addition 
must be found by actual trial. 

Occasionally the different beds in a day-pit vary so much that it 
requires a mixture of two or three different beds before an earth 
suitable for brick-making i$ obtainable. 

Roofing-tile Clays are rimilar in character to those used for 
making the better qualities of hand-made bricks, and must possess 
a good red colour when burned. They must be sufficiently plastic 
to be used for the manufacture of thin slabs or sheets, and yet must 
not shrink sufficiently to cause warping and cracking in the kilns. 

The chief requirements and characteristics of a day for roofing- 
tile manufacture are that it shall be highly plastic without being 
‘ sticky'; it must be suffidently refractory to give a tile having 
great durability, yet should contain enough vitrifiable matter to 
produce tiles having a good ' ring ' without being too dense. 

Brick-making 

While ei^eers in Great Britain and most civilised countries 
have no difficulty in procuru^ such bricks as they require from 
manu^clurets using up-to-date machinery, engineers in various 
parts of the Empire and elsewhere often have to arrange for the 
manufacture of their own bricks. The first requisite is to ascertain 
whether a suitable brick earth is obtainable anywhere in the district 
where the engineer is working. 


U 
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Choice of GUy. The different varieties of clays, etc., which come 
under the head of ‘ Brick Earths ’ are referred to under ‘ Brick and 
Tile Cla;^' above. 

Chemical CompesiiMn. There are two distinct types of clays or 
hrick earths : (i) Clays or shales which con^t chiefly of hydrated 
aiumimum siHcates (known as day iubsiance), with a small propor¬ 
tion of carbonate of lime: (3) marls containir^ a considerable per¬ 
centage of carbonate of lime. e g. as much as 40 pet cent, of chalk. 

Ah clays contain more or leas silica in the form of sand, and, in 
addition to the day substance and sand, the presence of oxide of 
iron, which gives colour, hardness, and durability. 

Pracdcal Tut. While a chemical analysis wUl be of some use in 
giving an idea as to the suitability of a sample of day, a practical 
test, such as can be made by a professional clay-worker, will be of 
more use to the engineer. He can generally tell whether the clay 
is suitable by moistening a small sample, kneading it and rubbii^ it 
between the thumb and forefinger, and then firing it. 

* Potters' are to be found in many places, and tile-makers are not 
uncommon. Such men can be very useful hi the choice of a day 
for brick-makiiig, and their advice may be of assistance in deciding 
whether more sand or more tough clay should be added, as is often 
necessary. 

Supply of Olay. Clays should, if possible, be delivered into the 
brickyard in their moist, natural state, for when they have been 
permitted to dry up under a scorching sun or drying wind, they 
shrink and harden greatly, and the labour of mixing into good brick 
' stuff' is greater, and the plastic mixture not so ^ee and nice as 
before. 

Uniformity or Homogeneity. It is essential that the day should 
be uniform in composition, and to obtain this result the clay should 
first be weathered, then purified by washing, etc., and finally 
tempered, or mixed with water. It is often necessary to grind the 
day and to ' sour' or ' age ' it. 

WuiheriTig consists of exposing the day to the action of the 
weather, especially in the colder months, in order to break up the 
day into minute partides and thus render it easier to mix with 
water and to be worked 

Many days break up on exposure to the aii within forty^ight 
hours or so; others require the action of water or frost. In all 
cases the clay should be spread out. so as to expose as large a surface 
as possible to the weathering process. 
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consists of washing or screening out gravel, small 
stones, or other foreign matter. 

Tempering consists of mi ring with water and reducu^f the clay 
to a plastic condition. It may be carried out by mixing with 
spades, with the bands or the feet, or by means of a pu^-mill or a 
pan-mill. 

Bzdck-bunung. For description of kilns, methods of burning, 
fuel, etc., the engineer is referred to technical books, with the 
proviso that, when undertaking the manufacture of bricks in remote 
parts, it is desirable to adopt the best local methods and improve 
on them by building better kilos, using better fuel, being more 
careful in stacking the unbumt bricks in the kiln, etc., etc. 

Refractory Materials 

These include (a) materials resistant tc heat in the presence of 
air, and (b) those which resist direct chemical action. 

They may be (x) acid, e.g. fireclays and siliceous materials; 
(2) netUral, #.g. graphite, chromite, etc.; (3) basic, e.g. lime, 
magnesia, bauxite, zirconia, etc. Add substances should not be 
used in basic vessels, etc., and vies versa. 

Fireclay. The term ' fireclay' is commonly used for any 
refractory clay, but in England fireclays are found chiefly in the 
Coal Measures, and consist of (i) shales, and (2} underclays. The 
latter lie immediately beneath the coal, and are usually more 
refractory than the shales. 

Bastard fireclays are underclays which have not enough 
refractoriness for firebricks, but are used for building bricks and 
salt'glaied ware. 

Fireclays vary greatly in composition, even ^om the same seam. 
They are all aliunino-salidc adds with more ^ca than kaolin, 
and contain various other minerals. To judge of their suitability 
for firebricks, the best way is to make a teat brick and subject it to 
the heat which it is required to stand. 

Siliceous materials used for firebricks and other relnctory 
articles contain from 75 to 99 per cent, of silica, and comprise: 

{!) Silica recks, chiefly quarts or quarlrite, e.g. Dinas rock, 
whdeh may contain 90 per cent, of silica. 

(a) Siliceous fireclays, mainly fine white clay mixed with clean 
sharp sand, found in pockets. 

(3) Firestones are porous siliceous rocks which can resist a high 
degree of beat. Ihey are used in place of low-grade firebricks. 
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(4) White sands are usually quartzitic, and must be pure eoongb 
te leaist Heat and sl^s. They are used for the Iwal layer in 
Siemen’s steel furnaces. 

(^) Gannister is a slightly plastic, fine siliceous grit, containing up 
to 10 per cent, of clay, which occurs is the Coal Measures. The 
value as a retractory material lies in close-fitting angular grains 
and colloidal ceiuMit. It is used as a Eniug for furnaces. 

Heating bricks are made of diatomaceoas, infusorial, and micro- 
phytal siliceous earths, mixed with a paste of lime and clay. They 
are only one-sixth the weight of ordinary bricks, and are used for 
fireproofs on board ship. 

Terra-cottas are unglaaed ware, prepared from the finest fireclays. 
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CHAPTER X 

LIMES, CEMENTS, AND PLASTERS 

Portland cement is so largely used in Great Britain hy the engineer 
and builder that, except in rare cases, lime mortar is seldom talcen 
into account for any purpose other than plastering. But. to those 
employed on works of construction overseas, where the cost of 
Portland cement is often prohibitive, a knowledge of the uses of 
the various kinds of lime, and of the distribution and nature of 
the Umeetones from which they are derivable, is of the h^hest 
importance. Especially is this the case where the ordinary lime 
of the neighbourhood is a ' fat ’ lime, as by a proper admixture of 
suitable substances the engineer may greatly add to iU hydraulicity. 

DEHNinONS 

Hydraoliuty. Limes and cements which possess the power of 
settii^ or solidifying under water are said to be kydraviic. This 
power is due to the presence of alumina with the lime. The 
admixture of alumina and lime may be natural, as in the case of 
Blue Lias lime and Roman cement, or artificial, as in the case of 
Portland cemeni. 

The Lime used for building purposes is produced by calcining 
calcium carbonate (CaCO^) in the form of limestone, marble, 
chalk, sea-shells, etc., and thus drawing ofr the carbonic acid 
(CO^. The result is an anhydrous calcium oxide (CaO) called 
^icklime, which is a white powdery material. 

When water is added to (Quicklime it is said to be slaked. 
Quicklime also readily absorbs moisture from the air, and becomes 
afr'Slaked. 

Cement. In the building world cement, e.g. cement-concrete, 
cement rendering, neat cement, etc., always means Portland cement. 
In the latest edition of the BneycUtpadia Sritanniea the term 
' lime cement' is used to denote what builders call ' lime.’ 

Redgrave and Spademan describe cements, as distinguished 
from limes, as ’ materials which are capable of solidifying when 
in contact with water, without perceptible change of volume or 
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notable evolution of heat/ while limes, 'as distinguished from 
cements, " fall ” or crumble when exposed to the action of water.' 

But some hydraulic limes would come under the former definition, 
and it appears preferable to distinguish cements from limes by the 
necessity for calcination to the point of total or partial vitrification 
and for subsequent grindii^. 

Intormadiata Limas. ' Certain impure limes, resembling in their 
composition the constitution of cements, have been appropriately 
named " intennediate limes/' or such as occupy a position inter¬ 
mediate between the true limes, which undergo disruption when 
exposed to the action of water, and the cements which do not, 
apparently, become changed when so treated. 

' It may be assumed that limes of every different degree of energy, 
from pure ovde of calohim down to true calcaxeoua cements, exist 
in nature; thus there is an enormous range of varieties of action 
to be studied, and any attempt to classify all limes under two or 
three sub-heads must be futile and untrustworthy. ’ ^ 

LofES 

Classification of Limes. Some writers have attempted to 
classify the different varieties of lime in accordance with the 
quantity of slaked lime produced, or with the speed with which 
itty were observed to combine with water. For instance, limes 
are frequently classed as fat or rkk limes if they readily become 
slaked and furnish a large volume of powder, and ^or if they are 
impure and become slaked slowly, yielding relatively but little 
dust; or, when filing rapidly to quicklime, they are rich ; when 
falling only after e^ht or ten minutes, they are poor ; when they 
require fifteen or twenty minutes, they are medium ; when requiring 
an hour or more, they are regarded as hydrauHc ; and when requiring, 
it may be, several days to break up, they are Aigfi/y or energsticaUy 
hydraulic. 

It is, however, now known that this slaking action depends upon 
numerous conditions which have to be specially studied for each 
class of limes, and that any general deductions founded on the 
act of hydration alone are likely to be inaccurate and misleading. 

The old classification into fat, poor, medium, hydraulic, and 
eminently hydraulic limes is still met with in many engineering 
books, and as a rough guide is of considerable value if due caution 
is observed. 

^ Redgrave aad Spackmaa; CaJtartous Cemenii, anded, 
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GombmaUon of Lime xrith Water. 'The chemical affinity of 
Hme for water U one of the most powerful with which we are 
acquainted, and " quicklime *' (calcium oxide), or lime recently 
ca ld ced, when exposed to the air, speedily attracts moisture 
from the atmosphere, and combines with such water to form 
calcium hydroxide, or slaked lime. This hydroxide may occupy 
as much as three times the space previously filled by the 
quicklime, and therefore the amount of slaked lime prefaced 
from a given bulk of quicklime appears in certain cases to be very 
considerable.’ *• 

‘ The water which combines with the lime in the act of hydra- 
tion is truly solidified, and the hydrate formed is, when the exact 
proportion of water necessary for this purpose has been employed, 
an absolutely dry powder. On addii^ a further quantity of water, 
the bulk of this powder is much reduced, and it may be tempered 
into an extremely rich and unctuous paste. If this paste is 
permitted to dry, it shrinks and forms a porous mass of no great 
hardness.' * 

Quicklime. ' Quicklime, caustic lime, or the oxide of calcium, 
one of the earthy metals, does not exist in Nature, nor is metallic 
calcium itself anywhere found iu an uncembined form. We 
obtain quicklime, the chemical symbol for which is CaO, by 
calcining or heating to redness a carbonate of lime, CaCO^, and 
by this means expelling the carbonic acid gas or carbon dioxide, 
CO„ with which the lime is combined, and which can be driven 
o£t in the gaseous form at a cherry-red heat (about 440* 
Centigrade)/* calcination being complete when the mass has 
attained a white glow. If prolonged beyond this point the lime 
will be overbumt and will blow when setting, as it is very difficult 
to slake. 

' Liroe combined with carbonic add is fonnd in a great variety 
of rocks in ail parts of the world, and in every different degree of 
purity (see Lim^sionei below), 

' In a pure carbonate of lime 44 parts by weight of carbon 
dioxide or carbonic add are combined with 56 parts by weight of 
caldum oxide. In the oxide itself 40 parts by weight of metallic 
calcium, Ca, are combined with 16 parts of ox3^en g:as, O. This 
oxide cannot be decomposed by beat. 

‘ ItojgAve aod Spaclemui; CaUareous Crnsnis, and ed., p. s. 

* Redgrave aad Spackzoan: Ibid., a&d ed.. p. 4 

* Redgrave aad Spackmaa: Ibid., snd ad., pp. 3-3. 
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' CalcvnaUoft. Gener&Uy speaidng, the limestooe or chalk, when 
placed in the kiln, contains a certain percentage of moisture which 
has also to be expelled, and thus the lime-burner can rarely, when 
the stone is thoroughly well burned and all the carbon dioxide is 
expelled, obtain more than half its weight of quicklime from a 
given we^ht of stone dealt with in the kiln, though in theory the 
yield ahoold be 56 per cent, o/lime/ ^ 

Slaked Lime. * When lime becomes “ slaked " it is found that 
56 parts by weight of quicklime combine with 18 parts by weight 
of water. HjO, to form 74 parts of calcium hydroxide, Ca(0^j. 
Great heat is evolved in this process, and the action is expedited 
by the use of boiling water. Certain poor limes," which will 
scarcely slake or fall to powder when cold water is employed, 
will crumble into dust readily if the water is ait the boiling 
poiDt.'* 

Lime slowly recombines with Carbonic Add. ' When exposed to 
the air, pure caustic lime is converted very slowly and without 
notable increase of temperature into a rather coarse powder. It 
is not. under these circumstances, wholly converted into a carbonate 
of lime, even after the lapse of many years, but, by the simultaneous 
absorption of moisture and carbonic add, it is resolved into a 
double compound having the formula, according to Fuchs, of 
CaCOf 4-Ca(OH)^ or consisting of equal equivalents of the carbonate 
and ^e hydrate of lime. The carbonate thus produced would 
seem to result the decomposition of the first'formed hydrate, 
for when moisture is wholly excluded no corohmation between the 
lime and the dry carbonic acid gas takes place, in order to expel 
the water of hydration, the slaked lime must again be heated to 
dull redness.' ® 

Ca(OH)| + COj—CaC 0 j+H ,0 on evaporation; the HjO then 
dissolving another particle and putting it into condition to combine 
with CDs again, and so on. 

* The action of carbonic acid mainiy anperfidaL Lime made 
from pure carixmate of lime, -c^en slaked and used for mortar, 
likewise gradually recombines with the carbonic acid gas present 
in the atmosphere and becomes indurated, but this action is 
mainly in the superficial layers of the mortar, as the gas penetrates 
very slowly. In fact, years must elapse before the recarbonisation 

> Redgtsveaad SpAckman: C^art^ CtPmUt. md ed., pp, 2-3. 

* RadgnvA Aod Spackmaa; Ibid., 2iid ed., p. 4. 

* Ked^nve and SpacIqnAn: Ibid., sad ed,, p. 5. 



LIMES, CEMENTS, AND PLASTERS 217 

of the lime i$ thoroughly accomplished, and in the case of thick 
walls the internal layers of mortar never become completely hard. 
It is necessary to distinguish between the so-called " set " of the 
mortar, which is merely due to the absorption of the superabundant 
water, and the actual induratioa by means of the carbonic add gas 
which is a process of 3'ears, or of ages in the case of pure limes.’ ^ 

Hydraulic Limes 

The Influence of Clayey Hatters. ’ Absolutely pure limestones 
are only met with in exceptional cases, as nearly all limestone 
rocks, and the greater part of the Chalk formation, contain varying 
percentages of clayey matters (silicates of alvunuia), iron, alkalies, 
etc., and it is upon the prop^on of these ingredients present 
that the behaviour of the caldned lime prindpally depends. It is, 
in feet, owing to the presence of certain of these clayey matters 
that limes pass over by gradual stages into the form of cements ; 
that is to say. that these substances so far influence the slaking 
action that they may even bring about the ultimate setting of the 
mixture without change of volume—the characteristic property 
(as already stated) of cements.’ ^ A test for which property cement 
should always be subjected to. 

Aidfleial Admixture of Clayey Matters. * It is not necessary, 
however, that the limestone should have been the source from 
which these clayey matters were derived ; they may be conveyed 
to the caldned lime by admixture with it at the time when it is 
treated with water, or they may be ground up aloi^f with the 
lump lime before it is slaked. It is this fact wUch needs carefol 
consideration when we have to deal with the influence of beat on 
mixtures of lime and clay, and the nature of the changes effected 
in the kiln. The compounds are of a very complex character, 
and may be produced, as we shall see, both by heat and in the 
humid way. All that is necessary for the due action of these 
clayey matters is that they should themselves have been roasted 
or caidued either artificially or by volcanic heat.' • 

Poasuolana, Trass, etc. ' Certain of these substances which are 
added to pure limes to bring about this action are called potsuolanas 
or trass. These are clayey or siliceous matters of volcanic origin, 
but roasted shales, brick dust, and burnt clay or ballast, all of them, 

^ Redgrave and Spackmu: Caicareeui Cmtnu, and ed.. p. 5. 

' Radgrav« ud %ackffluii Ibid., snd «d., pp. 5-d. 
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more or less, possess this influeoce on the pure limes, and have the 
power of imparting: to them the attributes of cements.' * 

The cement used for burning the old Roman aqueducts was made 
of a mixture of pouuolana, lime, and pounded brick or potsherd. 
The ' new trass' of the Danube has been well reported on. 

' The volcanic ash found in the island of Santorin, and known 
as Santorin earth, is typical of many kinds of scoris which have 
been used successfully with fat or pure limes to impart to them 
hydraulic properties. The proportion of Plicate of alumina in this 
substance is relatively high, and there is much less iron than in the 
case of trass and pozzuolana.’ ^ 

Surkhi or Soorkee, consisting of powdered brick or burnt clay, 
is largely used in India both as a substitute for sand in parts of 
the country such as Bengal where no sand exists, and as an addition 
to the lime to give it hydraulicity. When used as a substitute 
for sand it should be well bunt or even rather overbumt, hard and 
sharp, but when used to give hj^aulidty it should be slightly 
underbumt in order to allow the alumina to combine with the Ume< 
Balls of day are often burnt and ground to form surkhi instead of 
reducing burnt brick to powder. Better results are obtainable 
with a disintegrator than by udog the ordinary bullockHlriven 
mortar for the purpose. The proportion of surkhi to be 
used in mortar varies in difierent districts according to the nature 
of the lime—the amount required bemg ascertained by experiment. 

Indueace of Heat on the Silicates. ' When limes, such as are 
combined with varying percentages of dhcates, are burnt in the 
ordinary way in the kiln, the carbonic add gas is £rst expelled 
from them, as in the case of the pure limestones, and the dayey 
matters assist in its expulsion, owing partly to the affini ty of the 
sUidc add for the lime, and partly to the fact that the foee and 
combined water in the day is driven ofi, and the steam produced 
in this way ^dhtates the expulsion of the carbonic add. There 
is thus a double change to be effected in the kiln, and the expulsion 
of the water from the hydrated silicate of alumina in the cUy may 
go on ride by side with the dispersal of the carbonic add. 

' These dayey limestones are thus burnt more readily than the 
pure limestones; they also require less fuel end less time.' * 

‘ Redgrave and Spocbmea; CaJcsri^%n Ctmtnis, 2od ed.. p. 6. 

* Re^raveoBd S^ckotwi: IM.. sod ed.. p. 7. 
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Limestones 

Subdivisiong. ' The minerals which contain the carbonate of 
lime and which are designated under the generic name of "lime¬ 
stones" or "calcareous stones" are of very various natures. 
They are mostly composed of carbonate of lime, of magnesia, of 
oxide of iron, of manganese, of silica, and of alumina, combined 
in variable proportions; and they are also found with a mechanical 
admixture of clay (either bituminous or not), of quaxtaose sand, 
and of numerous other substances. The name of limestone is 
more espedaUy applied to such of the above mixtures as contain 
at least one-balf of their weight of carbonate of lime. Mineralogists 
distinguish the subdivisions by the names of "argillaceous, mag¬ 
nesian, sandy, ferrugmous, bituminous, fetid.” etc. The sub¬ 
divisions, again, are often cbaiactensed by varieties of fbnn and 
contexture which are known specifically under the names of 
" lamellar, saccharoid, granular, compact, oolitic, chalky, pulveru¬ 
lent, pseudomorphic, concreted," etc., etc. (sec Chapter V, 
Section II). 

' This nomenclature is important, for every description of lime¬ 
stone yields a lime of different quality, distinct in colour and weight, 
in its avidity for water, and espedaUy in the degree of hardness it 
is capable of assuming when made into mortar. But the physical 
and mechanical nature of a stone ate far from being certain guides 
as io the quality of the lime it can yield. A chemical analysis of 
a hard sample also frequently gives different results from those 
obtained in practice. Experience alone should be the final guide of 
the engineer or of the builder.’ ^ 

Chemical Nature of Stones furnishing Different Sorts of LiiDo. 
* A chemical examination of the stones which fumUb the different 
limes of the old classification shows that: 

‘ I. The pure calcareous rocks, or such as contain only from 
I to 6 per cent, of silica, alumina, magnesia, iron, etc., either 
separately or in combination, give rich limes upon being burnt. 

' 2. The limestones contalnii^ insoluble »lica in the state of 
sand, magnesia, the oxides of iron and of manganese, in various 
respective proportions, but limited to between 15 to 30 per cent, of 
tbe whole mass, yield poor limes. 

‘ 3. The limestones containirig dlica in combination with alumina 
(common clay), magnesia, and traces of the oxides of iron and of 

^ C. H. BeiaaU: Linu, CtmtrUs, Mortars. tU. 
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maoganese, in various respective proportions, but within the limits 
of from 8 to 12 per cent, of the whole mass, yield moderately 
hydraulic limes. 

‘ 4- When the above ingredients are present in the proportion 
of from 15 to i8 per cent., but the sihca in its soluble fotm always 
predoroicating, the limestones yield a hydrauUc lime. 

' 5. When the limestones contain more than 20 and up to 30 
per cent, of the above ingredients, but with the soluble silica in 
the proportion of at least one^half of them, the limestones yield 
eminently hydraulic limes .'' 


CALCIHATrON 

X i ln » and Fuel. The limestones, after being quarried and broken 
into moderate-siaed pieces, are calcined, either in temporary or in 
continual kilns—that is, open kilns which are blown out till the 
calcined charge has been removed, or in draw-kilns, where the 
removal and charging proceed continuously. To avoid carriage, it 
is derirable to have the as central as possible to the face of the 
quarries; and the longer the stone has been exposed to the ak, the 
lees fuel will it require to drive ofi the inherent moisture or quarry- 
water. The fuel employed in calcination is ordinary pit coal 
(i ton to 4 or 5 tons of l^estone), and in remote districts peat and 
brushwood ; but for some sorts of limestone impoie or shaly coals 
(while also much cheaper) are better adapted than the pure coals, 
as burning the stone more slowly and equally, as well as keeping 
it open and preventing slagging and sintering. More kiln-dust 
may be produced by the use of these slaty coals, but fewer cores 
and slags will be found among the lime. 

When properly burnt—that is, when not slagged or covered 
with a siliceous glase by too sudden ignition—the limestone loses 
its carbonic add, and is converted into caustic- or quick-lime. 

Admixture with Ashes. ‘ For many purposes for which lime is 
used commercially, it is very important that it should be as pure 
as possible, and free from the ash or clinker arising from the fuel. 
It is, perhaps, less essential now than was formerly the case that 
the lime used by the builder should be kept apart from the ash 
of the fuel, as in nearly all important works it is customary to 
prepare the mortar in a mill, which would crush up these substances 
along with the lump lime and incorporate them in the mortar. 

^ G. R. Borssll: Lim$s. Cements, U^rtats, tu. 
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For use of the plasterer, the lime is slaked and run through a sieve, 
by means of which ail the imparities and uaderbuint particles are 
eliminated. A much better-lookiug lime no doubt results from the 
use of kiJjis in which all contact with the fuel is avoided; and 
although the cost of doing this adds to the expense of burxuog, It 
is certainly worth while to endeavour, if possible, to keep out the 
ash and clinker-' ^ 

Results of CalciiiaUcn. ' Those limes which are obtained from 
the stones containing much silica in the composition of the clay, 
swell in setting, and are likely to dislocate the masonry executed 
with them. Those, on the contrary, in which the alumina is in 
excess, are likely to shrink and crack. The magnesian limestones, 
or dolomites, appear to be the least exposed to these uiconvemences, 
and to retain without alteration their originai bulk. The lime$ 
obtained from the Oxford Clay generally sw«U ; those from the 
Chalk Marl contract. 

' Limestones which contain many fossils produce a lime exposed 
to the risk of slaking at various and uncertain periods. Whether 
it arises from the fact that the decomposition of the animal matter 
had previously affected the nature of the limestone in contact with 
it, or from that of the diSerent action of the calculation upon the 
shells, we mostly And that the fos&liferous limestones contain black 
spots which do not at the same time as the rest of the lime, 
or which retain their avidity for water to a later period; and in 
either case they swell and disintegrate the mass around them.’ ^ 


Testing Ltues and Limestones 
Berthier's Mode of Analysis. ’ To ascertain whether a stone be, 
or be not, frt to be burnt for the purpose of obtaining a hydraulic 
lime, the following mode of analysis is sufficiect for all practical 
purposes:— 

’ The stone should be powdered, and passed through a silk sieve ; 
10 grammes of this dust are to be put into a capsule, and by degrees 
muriatic add is to be poured upon it, stirring it up continually 
with a glass or wooden rod; when the effervescence ceases, no more 
add is to be added. The solution is then to be evaporated by a 
gentle heat until it is reduced to the state of a paste; it is then 
to be mixed with half a litre of water, and filtered ; the clay will 

I Redgrave and Spackman; Caicarfi^us Cammis. and ed-. p t6. 

> G. R. BnnielJ; Littus, Ctnwtir, Mortars. tU. 
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remam upon the filter. This substance is to be dried and we%hed. 
the desiccation bein| made as perfect as possible. Lime water is 
then to be added to the lemaining: solution as long as any predpita- 
tion ta^ place from it. This precipitate must be collected as 
quickly as possible upon a iUter; it is then desiccated and weighed. 
It is magoesia, often combined with iron and manganese.' ^ 

* The condidon of the silica present in impure limestones has an 
important influence on their value when employed for the manu¬ 
facture of hydraulic lime. Any silica existing in the uncombined 
state as quarta^sand U unacted upon by the at the compara¬ 
tively low temperature of the 1^, and consequently after cal- 
cination it does not separate as a gelatinous bulky mass, as is 
usual with the silica in samples of hydraulic lime, when treated 
with hydrochloric add. Further, it is unacted upon by a boiling 
sohidon of sodium carbonate, and it is not in a condition to enter 
into combination; it is present, in fact, simply as inert matter. 
In order to confer hydraulic properties upon the lime much of the 
silica must, before burnii^, occur in combination, preferably with 
alumina. 

' Many of the beds of impure limestone in the Carboniferous 
deports contain free dlica as sand in considerable quantity. Lime 
prepared from stone of this description is easily recognised by its 
friable granular appearance, while, on the other hand, that which 
is burnt from stone m which the silica exists in combination 
with other substances, as is the case in the beds of the Uas 
formation and in some of the Carboniferous deposits, has a dense, 
close, even structure, the lumps of quicklime riI^ing when struck 
tcgether.’ * 

' When treated with muriatic add, a limestone that leaves about 
10 per cent, of insoluble matter forms, according to M. Upowitz 
[MamtfacUtre cf Crmants), a tolerably hydraulic lime; but when 
leaving from so to 30 per cent., such a lime will not slake after 
burning without first being powdered, after which process it often 
produces the best hydraulic mortar. After calcination and slaking, 
such limestones as the Blue require careful so^ening to remove 
unbumt cores, not more than sand to z of lime, and are often 
improved in hydiaulidty by the addition of a small percent^e of 
pounded surfiice-clinkers.* * 

* G. R. BoroeU: Linut. Csmgnit. MorUt*s. tic. 

* Redgnve SpftCkmaA: Ctkcrtout Ctmt»tSj sod ed., p. ii. 

* David Page: Scorwnic Geolcgy. p, 9$, 
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Cements 

‘ The energy of a cement depends upon the rapidity with which 
the lime and the silica, or the lime and the alumina, combine in 
the presence of water to form stable compounds, or with which 
the ready^formed silicates and aluminates become hydrated when 
water is added. We have thus the quick-settiog cements of the 
Roman cement type, which become indurated mainly by hydration 
in a few minutes, and the dense cements resembling Portland, 
which depend for their induration on a rearrangement of the ^licates, 
and which may take as many hours to set as the former substance 
does minutes. 

* U should be here noted that when we speak of the settir^ of 
cements we imply the act of induration and not the mere absorption 
of the water, which is most characteristic of the imperfect setting 
action of a lime mortar,’' 

Icdoence of Galcmation, ' The calcination of these varieties of 
cements plays a very important part in their subsequent behaviour, 
when tempered with water. Thus it is possible from the same 
clay>Hmestones to prepare (a) a hydraulic lime; (6) a quick¬ 
setting cement; and (;) a cement resembling Portland cement in 
character. 

‘ At a low temperature in the kiln the mixtures of lime and clay 
have not mutually reacted the one on the other, and we obtain 
a material in which the energy due Co the hydration of the lime 
overcomes the tendency of the ^Idc acid to enter into combination 
with this lime, under the agency of water. 

* When the second stage in the calcination is reached the silicic 
acid is liberated or rendered capable of attacking the lime, yield¬ 
ing a cement which sets with comparative rapidity. While, lastly, 
under still more intense firing, the stage of calcination is approached 
when silicates and aluminates are formed in the kiln and when the 
material acts like a Portland cement, and when Che iron, moreover, 
which had during the first and second degrees of calcination remained 
in the condition of a peroxide, passes into that of a protoxide (as is 
always the case in perfectly prepared Portland cement). This 
change in the oxide of iron is only effected at very high tempera¬ 
tures, and furnishes a certain indication of the production of a 
dense, slow-setting cement. 

‘ If, in the case of this clayey limestone, the clay had been less 
> Redgrave a&d Spackcian: Calsiytcus Cernsnit, sod ed., p. lo. 
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in quantity, we should have obtained a hydraulic lime which would 
slake with difficulty, and which would be liable to the evil eSects 
of " after-slaking." If the proportion of the basea contained in 
the clay, relatively to the amount of silicic acid present, had been 
greater, the mass would have probably become vitrified or partially 
fused before the temperature necessary for the final stage of 
calcination was reached/ t 

NaTURAI. CEMSMtS 

Natural cements are burnt direct ftom stones containing from 
20 to 40 per cent, of clay, the remainder consisting chiefly of carbon¬ 
ate of lime alone, or of carbonate of lime mixed with carbonate of 
magnesia. 

Natural rocks of suitable composition for Portland cement are 
found in France and in America, but as they contain insufficient 
lime as a rule, they are chiefly used for the manufacture of Portland 
cement, a small percentage of purer limestone being added. 

Koman Cement. * A peculiar class of the argillaceous limestones 
yields on calcination a species of lime capable of setting under 
water with con^erable rapidity, of acquiring a great degree of 
hardness within a very short space of time, and of being employed 
without the admixture of any foreign substance. The first dis¬ 
coverer of this kind of cement was Mr Parker, of London, who in 
the year 1796 took out a patent for the manufacture of what he 
called Roman cement, from the septaria nodules of the London 
Clay formation, found in the Island of Sheppey. His process 
consisted in calcining the stone, previously tvoken into small 
fragments, to a point equal to the commencement of vitrifica¬ 
tion, and then reducing it to powder by some mechanical 
operation. 

' Subsequently a siinilax material was found at Harwich and in 
Yorkshire, also on the coast of France and in Burgundy, and 
doubtless it is to be met with in all the marl beds intercalated 
between the principal stages of the Limestone formations, and 
very frequently in the Tertiary clays, in the form of detached 
nodules of a dark-coloured, a^iHaceous limestone traversed by 
veins filled with calcareous spar. The colour is sometimes blue, 
especially when the nodules are obtained from the Lias; sometimes 
brown, or a deep red, in the Tertiary formations, owing to the 
presence of the oxide of iron in very considerable quantities. 

‘ Redgrave aud Spackman: Ctk^fwus Cf*n«nis, end ed., pp. 1^11. 
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‘TLe inineralogical composition of the stones from which the 
cement is mede difiers very much; but the characteristic type 
may be said to consist of above 30 and below 60 per cent, of clay 
and other extraneous matter in combmation with the carbonate of 
lime. The Sheppey stone usually ccmtains 55 parts of lime, 38 of 
clay, and 7 of iron; the Yorkshire stone contains 34 parts of clay, 
62 of carbonate of lime, and 4 per cent, of iron; the Harwich 
stone contains 47 parts of clay, 49 of carbonate of lime, and 3 of 
oxide of iron. 

‘ The cement stones are burnt in conical kilns with running fires, 
and, in England at least, with coke or coal. The mode of burning 
requires a considerable degree of attention, for experience has 
demonstrated that Parker was mistaken in supposing that a com¬ 
mencement of vitrification was necessary. On the contrary, the 
practice of manufacturers at the present day is rather to under¬ 
bum the cement, with the object of economising the expense of 
grinding. This material differs in this respect also fmm the 
ordinary limes, that the precise point of calcination does not appear 
to a^ect its quaKties. 

' Before being burnt, the stone is of a fine close grain, of a peculiar 
pasty appearance; the surfeces of fracture are rather greasy to 
the touch, and somewhat warmer than the surface of the stone 
Examined with the microscope, it exhibits many sparkling points, 
which may be either crystals of carbonate of lime or of some of 
the other constituents. It sticks easily to the tongue; it does 
not strike fire; its dust, when scraped with the point of a knife, 
is a greyish white for the most part, especially when derived from 
the Blue Lias formation. It effervesces with nitrous add, and gives 
off nitrous add gas. During calcination the cement stone loses 
about one-third of its weight, and the colour becomes of a brown 
tinge, differing with the stones from which the cement is obtained. 
When burnt it becomes soft to the touch, and leaves upon the 
fingers a very fine dust; and it sticks very decidedly to the 
tongue.’ ^ 

Roman cement has nothing like the strength of Portland, and 
must be used quite fresh as, if exposed to the air, it becomes 
inert. 

Magnesium Cements of America. * These are either rock cements 
composed of bisilicates of Ume and cement, or triplicates of lime, 
magnesia, and alumina. The bisilicates are, as a rule, of the 
* G. R. Barneli: Limts, Cemenii. Mtntari. etc. 
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Portland cement type, and aia frequently calcined at a white heat; 
the trisilicates are lired at a lower temperature, and are more of 
the nature of Roman cement. ^ 

Selenitic Cement. The addition of 5 to lo per cent, of plaster 
of Paris to lime increases the hardening properties of the latter by 
50 to 100 per cent., and this muture is sometimes known as selenitic 
cement. 

PORTtAiro CSKRNT 

This material is obtained by burning to a clinkering temperature 
an ajtiFdal mixture of calcareous and argillaceous and/or other 
silica, alumina, or iron oxide'bearing materials, and grinding the 
resulting clinker so as to be capable of compl3diig with the British 
standard or other suitable spedhcation. 

The raw materials consist of calcareous materials such as chalk, 
limestone, marine shells, etc., and alumina and silica'bearing 
materials such as clay, shale, slate, etc., and some form of sl^f; 
or they may be natural mixtures of calcareous and argillaceous 
constituents such as marls, gault clays, cement rock. etc. 

The raw materials are then ground and either damped and taken 
direct to the kilns (dry process), or mixed with water to form a 
slurry and then pumped into the kilns (wet process). 

After heatup to near vitrification the clinkers are ground after 
cooling. 

ComposiUon. The chemical composition varies over rather a wide 
range. The specification gives the following limits:— 

Magnesia not above 4 per cent. 

Insoluble residue not above i per cent. 

Toss on %nition not above 3 cent, for cement tested in 
temperate clhnates, or 4 per cent, fbr cement tested in hot climates. 

Total sulphur calculated as sulphuric anhydride not above 
375 per cent, 

The ratio of lime to silica and alumina calculated to chemical 
equivalents to be between 3*0 and 3*0. The lime is approximately 
55 to 70 p» cent., alumina 4 to 12 per cent., and ferric oxide 2 to 
4 per cent. 

Materials available for Portland Cement. *lt is now perfectly 
well known that suitable mixtures of carbonate of lime and clay 
can be prepared from raw materials, to be found in all parts of 
the world, and in many geological formations. It is not essential 
^ Redgrave aad Spackiaao? Caieartouf Cem 4 nts, sod ed.. p, 25. 
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that the mixture should be made of each of these substances in 
the pure state. They occur naturally compounded in various pro¬ 
portions in vast beds in many difierent localities, and in making 
use of such materials, all that is necessary is to employ them in 
such proportions as will give the required quantity of carbonate 
of lime in the mixture, 

' As examples of pure or nearly pure materials, we may instance 
the white chalk of the Thames district, the indurated chalk of the 
north of Ireland, and many deposits of the Carboniferous limestone 
formation, all of which contain about 98 per cent, of carbonate of 
lime. Among the clays and shales in use for cement-making (under 
the latter term we imply a solid form of clay compacted by pressure 
and capable of being split into lamins), we have the alluvial mud 
of the Medway—a salt-water deposit—the freshwater alluvium 
found on the banks of many rivers, boulder-clay, the shales and 
clays of the Coal Measures, and the shales of the Silurian formation, 
in which last lime is either entirely absent or present in very small 
quantities. As instances of naturally compounded materials, we 
may mention the Lower or Grey Chalk of the Medway, the lime¬ 
stones and shales of the lUas and of the Upper Carboniferous strata, 
Gault clay, the Chalk Marls of Cambridgeshire and Germany, and 
the Silurian limestones now so widely used in the Lehigh Valley 
district of Pennsylvania/ * 

Characteristics of Clays adapted for Cement-makiiig. ' The best 
clays for the use of the cement-maker are those which are highly 
siliceous, even if much of the silica occurs in the free state as fine 
sand. Should the silica be present as a coarse-grained sand, the 
mixture requires to be very perfect and firmly ground. Experience 
shows that in the finish^ cement the silica, even from a sandy 
clay, is found in the soluble form. This is not the case in burning 
su(^ clayey substances into a hydraulic lime, as the temperature 
reached is not sufficiently high to eflect this change. The pro¬ 
portion of silica present slmuld at least equal 2^ times the amount 
of the iron oxide and alumina taken together. Thus a clay 
containing z8 per cent, of alumina and 6 per cent, of ferric oxide 
should contain at least 60 per cent, of silica Clays of this composi¬ 
tion require a high temperature to effect their fusion when they are 
employed in conjunction with carbonate of lime. The resulting 
cement sets in a reasonable time, speedily attains sufficient strength 
to show good breaking tests, and steadily increases in strength with 
* Redgrave and Spsckmaa: Ctments. scd ed.. p. 43. 
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On the other hand, days with a high percentage of alumina 
yield a mocb more fiisible mixture, which can be calcined with less 
fuel, but which often causes trouble in the kiln by over-burning:. 
The finished cement sets quickly, often indeed with such rapidity 
as to render its use difficult without regauging, and the strength 
at short dates runs bi^. There is little increase with age, indeed 
often a tendency to retrograde action.' * 

Proportions of the Ingredients. The engineer will do well to 
insist on cement being up to B.S.S., as comparatively small differ- 
ences in proportions of the principal ingredients may wreck his 
work, a cement which is over-clayed sets quickly and never 
becomes thoroughly indurated, and has a tendency to crumble 
when exposed to the weather. A cement which is wer-Upted is 
liable to ‘ blow' or swell in the work. 

The amount of s^dpimr present is also important, for calcium 
sulphate is comparatively soluble in water, and calcium sulphide is 
a most dangerous ingredient. 

For further information as to nature of ingredients and pro¬ 
cesses of manufacture, storage, etc., the engineer is referred to 
the Ewychpadta BrUannica and text-books, Redgrave and 
Spackman's Cakareous Cements. 

Rahd Haebeninc Cements 

Ferrocrete was the first rapid bardenii^ Portland cement to 
come on the market, and has been followed by othera. Ail are true 
Portland cement, but made with such refinements in manufacture, 
especially in fine grinding of the raw material and the 
product, as to produce superlative quality. 

Aluminous cement was originally made in Fiance, but is now 
made in England, the ’ Lightning ’ brand being one of the best 
known. It consisU essentially of a mixture of impure bauxite 
(which is largely composed of alumina) and lime. It has the same 
constituents as Portland cement but in different proportions— 
viz. about 6 per cent, silica, 35 per cent, alumina, 5 per cent, iron 
oxide, and 35 per cent, lime, as compared with proportions of 
constituents of Portland cement given above. 

The aluminous clinker is fiised or melted, and not merely brought 
to a state 0/ incipient fusion as in Portland cement. The fused 
material is much harder than Portland cement clinker a nd takes 
longer to grind. 

> Redgrave and Spackman: Celccrtoui Cetn^, 2Bd ed., p. 46. 
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Aluminous c«meiit his the advantage of comparative immuiuty 
irom attack by frost while setting. When apparatus that has been 
used for Portland cement is used for aluminous cement, every 
article must first be carefully cleaned, as contamination with Port¬ 
land cement is liable to cause ' fiasb' setting. 

Calcjum Sulphate Cbmejjts 

This class includes cements which primarily depend upon the 
hydration of calcium sulphate for their hardening a nd setting 
properties, and includes plaster of Paris, Keene's cement, Parian 
cement, etc. The raw material is gypsum. 

All these cements are suitable only for indoor work, as they are 
soluble in water. 

Plaster of Paris, so largely employed in Prance both for external 
and internal work, but with us chiefiy for interior mouldings and 
ornamentation, is derived from coznmon gypsum ot sulphate of 
lime. Gypsum occurs in several foimations, but in Europe it is 
found mainly in the Trias and Tertiary, its presence in beds of great 
purity in the Wealden being a recent discovery of the sub-Wealden 
borings. In Britain, available supplies can be obtained from 
Chellastoc in Derbyshire, System in Leicestershire. Tutbury in 
Staffordshire, Droitwich in Worcestershire, Cardiff in Glamoigan- 
shire, and at Kirkby-Thore in Westmorland, the beds beu^ of 
various colours, texture, and purity. Bring baked in ovens to 
discharge its water of crystallisation, it falls into a soft white 
powder (the plaster of Paris of commerce); and thL«i powder, 
when worked into a paste with water, though plastic and pliable 
for a while, soon sets hard with conriderable strength and solidity. 
When mixed with glue instead of water, plaster of Paris becomes 
sUtcco. 

Keene’s and Parian Cements. If, instead of being used with 
water, plaster of Paris, in fine powder, is thrown into a vessel 
containing a saturated solution of alum, borax, or sulphate of 
potash, and after soaking for some time is taken out, rebaked, once 
more reduced to powder, and then moistened with a solution of 
alum, a hard plaster is obtained that takes a high polish. This 
plaster is called Kune's cement if made with alum ; Pcoian with 
borax ; and MarUn's with pearl ash. 

These plasters are generally used for forming anises, where 
ordinary plaster is used for walls which are required to be painted, 
such as bathrooms, etc. 
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Geological DistEisuriON 

General Laws. 'A knowledge of the laws wbich appear to 
regulate the geological distribution of the rocks which supply 
hydraulic and other limes may prevent many useless researches 
and save perhaps some Injudicious outlay of capital. 

' It is laiown, to ^uote nearly the words of M. Parandier, that 
every stratified geological formation comprehends a series of beds, 
whose deposition corresponds with the various periods of existence 
of the marine basin in which they were formed, which marine 
basis must have had its hydrographical limits, its affluents, etc. 
In the iixst periods, immediately after the cataclysms and the 
great erosions (which, in disturbing the status quo of the preceding 
geological epoch, had given rise to the new order of things), the 
sedimentary deposits must principally have owed their origin to 
the matters held in suspension in the liquid. They must have 
taken the fonn, for tbe most part, and throughout the whole extent 
of the basin, of aggbmerated rocks, sandstones, clays, etc., except 
in the isolated points of tbe affluents, in the great depressions of 
the bottom, and in the very deep waters, where the materials 
brought down by the currents could not arrive, and where tbe 
beds took a degree of compactness different &om that which is 
to be found on the borders of the basin. By degrees the matters 
held in chemical suspension in tbe waters, and which were in 
the beginning mingled with those in mechanical suspension thus 
brought down, began to deposit, in greater relative proportions, 
as soon as the geological condition of the basin had resumed a 
normal state. At times recuirences of the great agitations of tbe 
strata were reproduced in the same geological epoch, but always 
during a shorter period, and, with less intensity, with the same 
phenomena. 

' Thus, in the lower divisions of the secondary strata, we find 
the marls, the siUceous sands and days, the calcareous marls, the 
ferruginous strata: then the limestones with all the different 
varieties of texture and composition; and lastly, we find the 
magnesian limestones. The contact of certain formations either 
contemporaneous with, or posterior to, the formation of the different 
strata often modifies these last. The presence of certain ingredients, 
and the secular action of the exterior agents, also often produce 
very remarkable modifications or alterations, and even some 
molecular transformations, which are very curious, changing the 
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chemical and physical properties of the rocks. But these phenomena 
have theii particular laws, and their definite epochs of appearance, 
and we can calculate with a tolerable degree of certainty upon the 
extent of their action.' ^ 

Probable Position of Different Uaterials. ‘ It is easily to be 
conceived, from what is stated above, that we should be able to 
predicate within certain limits the points at which the rocks are 
hkely to contain the elements the most favourable to the attain¬ 
ment of the object in view in such researches as the one before 
ns. The materials likely to furnish us the sanda and clays fit to 
be converted into artifioial poz^uolcna^ are generally to be met 
with at the bottom of the sedimentary formations. The lifne~ 
stows likely to yield hydraulic limes occur amongst the marly or 
argillaceous beds, or at the points where these last pass into the 
purer calcareous rocks, and which are marked by the intercala¬ 
tion of strata of limestones and clays. The upper members of 
all the series may be regarded as being too ffee fh>m argillaceous 
matter to furnish anything but rich limes. 

' Amongst the secondary formations we find, for instance, that 
the Lower Chalk marl passes into the clays of the Gault, or the 
Upper Greensand, and that it yields a lime which is often emin¬ 
ently hydraulic. In the Greensand there are few solid calcareous 
rocks; there are few also in the lower members of the Cretaceous 
formations below the Greensand. Hydraulic limes are to be 
obtained from the beds of limestone intercalated between the marls 
of the Kimmerldge Clay; in the Oxford Clay, at the passage between 
the upper and lower calcareous groups of this division of the sedi¬ 
mentary rocks; and in the Liassic series.' ^ 

Lias Lime. ' In England, where the rule of thumb " prevails 
so extensively, it is the general practice to receive the Blue Lias 
lime as a good a satisfactory hydraulic lime in ail cases, and 
without any regard to the positions in the series that the beds 
of that formation may occupy. It is, however, necessary to remark 
that every bed of the Blue lias limestone contains a different propor¬ 
tion of the silicate of alumina, in combination with the carbonate 
of lime, and that therefore the powers of setting under water must 
be very different in the limes obtained Irom them, Even at the 
base of the Liassic series, the differences that occur are as great as 
between about 8 per cent, of the silicate of alumina and 90 per cent, 
of carbonate of lime, and 64 per cent, of the former ingredient to 
* G. R. Burnell r Ltmu, Ctm^nis. Mortars, sic. 
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34 per cent, of the latter. The first of these would yield only a 
mo^ately hydraulic lime; the latter would yield, on the contraiy, 
a most energetic cement, if burnt and ground. The peculiar 
properties of the Blue Lias lime have been established upon the 
results that have followed the conversion of the middle beds of the 
series, which contain from i6 to 20 per cent, of the silicate of 
alumina. It would be, of course, easy to distinguish the best 
qualities of Blue Lias lime, as in fact it is easy to predicate the 
nature of any description of that material. Thus the lumps of 
burnt limestone should be rather laife, and they should present 
on all sides a conchoidal fracture; the lime should swell but little 
in slaking, and it should not give out much beat, nor yield to the 
effect of the water before about two to five minutes. A lime of 
this description requires to be slaked before being mixed with the 
sand for use in a building; but as some builders have a fancy for 
the employment of lime “ hot/' as they call it, it is safer to employ 
the Blue Lias lime afrer being ground. The best descriptions of 
Blue Lias lime are obtained from Warwickshire, Leicestershire, 
Dorsetshire, the neighbourhood of Bath, Aberdare, Rugby, etc.; 
but they are all of them of very variable composition, and they 
require to be used with great precaution ; at least until the predse 
nature of the beds has been ascertained, or until a test for the 
hydraolicity has been carried out.' * 

Britisb Limestones. ' The limestones, which lie at the founda¬ 
tion of all limes, mortars, and cements, are abundantly difinsed 
through the stratified formations, there being scarcely a system 
which does not present one or more hori2on3 of calcareous deposits. 
Indeed, every system, from the oldest to the most recent, has its 
limestones: the Metamorphic, its crystalline marbles; the Silurian, 
its coralline and shelly beds ; the Old Red, its comstones ; the 
Devonian, its coralline and shelly marbles ; the Carboniferous, its 
coralline, encrinal, sheify, and freshwater beds; the Permian, its 
dolomites; the Trias, its muschelkalks ; the Jurassic, its oolites; 
the Wealden, its shelly beds; the Cretaceous, its chalks; the 
Tertiary, its gypseous and nummulitic strata ; and the Post- 
Tertiary. its lacustrine marls- 

' In Britain the most of these are abundantly developed; and 
for its area few countries can boast of such a varied and available 
supply. As mixed rocks they vary, of course, in composition, 
some being almost pure carbonates, some dolomitic or magnesian, 

* G. R. Burnell; LitfUi, Cff>***u*, tic. 
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and others sulphates or gypsums; while these varieties may again 
be more or less siliceous, argillaceous, femig:inous, or bituminous. 

‘ Whatever the varieties, or in whatever formations they may 
occur, the most of these limestones come to the surface in long 
stretches of outcrop, and are consequently quarried in open work¬ 
ings : hence the numerous openings, great and small, on the 
chalks, oolites, magnesian limestones, and mountain limestones of 
England, and the mountain limestones of Ireland. England and 
Ireland are magnificently supplied with limestones; Scotland but 
scantily so, and hence the more frequent recourse to mining of it 
in that country, as well as to its importation from the north of 
England and Antrim.' ^ 

' The Lias of England, which stretches across the country from 
Whitby on the north-east to Lyme Regis in the south-west, is our 
main repository of water-setting limestones (Blue Lias); but avail¬ 
able beds also occur among the Carboniferous limestones of Flint¬ 
shire (Heublas), Northumberland, Lanarkshire (Arden, Hurlett), 
coast of Fife (Blebo, etc.}, and in the Lothians at Dunbar, Cous- 
land, and other places. Such beds may be distinguished in the 
field by their toi^her and earthier texture—never being so 
crystalline * as mortar limestones—by their not effervescing so 
violently under acids, and by their weathering more slowly into a 
deeper brown surface. 

' Some of the argillo-calcareous ironstones known as " curl ” or 
“ cone in cone,” containing about lO per cent, of iron, are also 
used (Coalbrook Dale) in the manufacture of hydraulic cements; 
and the septaria from the Lower Lias and London Gay are 
well known to cement-makers for their strong and energetic 
hydraulidty.' * 

ladian Limestones. Ka$tluir is a species of subsoil tufa, formed 
by the deposition of calcareous matter extracted by the surfece- 
waters in minute portions Irom the beds of sand and clay, and 
redeposlted in a concentrated and irregular form. Its qualities 
vary very much, but it Is frequently hydraulic owing to being 
deposited in a clay bed, and as such is used for lime. Harder 
varieties are used for road metal. 

^ David Page! Econemic Ge^iogy, p. 90. 

* David Page: Ibid., p. 94. 



CHAPTER XI 
ROADS AND CANALS 

SECTION t ROAD CONSTEDOTIOH 
Road eni^eeriAg is a special branch of eo^eeiiDg on which many 
tieatiscs have been written and, no doubt, more will be forthcoming, 
aa the results of many more or leas experimental methods adopted 
for modem reads become known. 

In this chapter it is only possible to refer briefly to the main 
principles of road construction, in connection with which a know¬ 
ledge of geology is, perhaps, more important than in any other 
branch of engineering. 

On many roads in this country there appears to be a tendency to 
ignore the essential principles of road construction, and to depend 
very largely on a thin crust of reinforced concretc. 

The neglect of ‘ banking' or super-elevation, without which no 
road can be safe for fast (or even moderate) trafBc in hilly districts, 
and which is just as necessary for fast traffic in ordinary undulating 
country; the arguments in favour of concrete laid continuously, 
which can be disposed of by reference to Canadian practice ; and 
the very common neglect of really adequate drainage, are matters 
to which our road engineers might give more attention. 

The main essentials for a satisfactory highway are (i) a perfectly 
drained suihgrad^ or formation sur^ce, and (ii) a road-covering 
consisting of (a) a solid foundation or boUomng. and (b) a surface 
coaHng which may include one or more coats of metal, concrete, 
or other material, with a final coat or ' carpet' of asphalt, bitiunen, 
or gravel, etc. 

The term * foundation * is often applied to the subsoil or rock 
on which the sub-grade is prepared, as well as to the bottoming of 
the road covering. So the term subcode foundation will be used 
hereafter for the former, and the term hoUoming for the actual 
foundation of the road covering. 

The term ts sometimes used for the foundation or 

bottoming, but the same term is also used for the lower of the two 
coats of metal, and will therefore be avoided in this book. 

234 
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The Alignub><t 

Value of Geological Kaowledge. In choosing the alignment for 
a new road, it is unportant to study the geological nature of the 
country to be passed through, especially with regard to the following 
points:— 

(n) The nature of the subsoil or rock on which the formation 
level is to be made or where cuttings or embankments are proposed. 

( 5 ) The all-important question of drainage, so as to avoid subsoils 
difficult to drain, days. 

(c) Whether to avoid expensive cuttings, or to decide that they 
are worth while, in view of the rock or other material to he excavated 
being such as can be profitably used elsewhere. 

(i) How to avoid marshy or boggy sites for embankments. 

Tbe main considerations which decide the alignment are (i) 
ruling gradient: (s) shortness, consistent with flat gradients, 
least rise and ^11, and economy of construction; (3) curves of 
minimum radius; (4) economy of earthwork, culverts, and bridges; 
(5) the requirements of the district. But in some instances it may 
be worth while to deviate from the selected track in order to come 
in closer proximity to quarries, clay-pits, and coal-fields—the 
increasing traffic arriving therefiom may become a source of 
income for the permanent maintenance of the highway. 

The first step is to ascertain the position of the watercourse and 
watershed lines of the district to be passed through. The general 
direction having been selected, the river-dossings must be decided 
upon, and the points determined at which the watersheds are to be 
crossed. The approaches to the bridges must be carefully set out, 
and the ascents to and descents frcm the watershed, contoured, 
where they are to be in side-cutting, from the summits downwards, 
so as to ascertain the points at which the hills are to be entered. 

Before the route is finally decided upon, two or more trial lines 
should be run between the points thus fixed, and the country 
carefully examined on each side of these lines, to see which best 
complies with the main considerations detailed above. The actual 
survey can then be proceeded with. 

Reconnaissance. ‘ The general aeries of operations preliminary 
to the formation of a new line of communication are the examination 
or reconnaissance of the country between the points to be connected, 
taking note of the phyrical features of the country, its geolc^cal 
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formation and sources from which materials for construction may 
be obtained, and the probatde requirements of the district to be 
passed through. In this work the engineer will be greatly aided 
by obtaining the best and most reliable maps of the district. 
Flying-levels are generally taken concurrently, in order to ascertain 
the elevations of detached points, such as passes across ridges, and 
valleys, also points where structures of magnitude may be required. 

Oeneral Principles in the Field. ' In laying out a line for a new 
road, the following data should be carefully noted and recorded 
in the fieid'book;— 

* Examine the inclination of the strata, their nature and condition 
as to dryness. 

' Have the surface of road exposed as much as possible to the 
action of the air and sun's rays. 

' Cross valleys and passes at r^ht angles. 

' Examine beds of rivers at proposed crossings, and np and down 
stream, with a view to secure stable foundations for bridges, 
culverts, etc. 

‘ Examine sources, accessibility, and distances of the supply of 
material for the erection of structural works, and for stones suitable 
for the coad'COvering, 

' Ascertain accurately the level of all exlstu^ of com¬ 
munication, such as railways, roads, canals, and of rivers and 
streams.'* 

Boad-cuttii^. ‘ Having selected a route, the engineer has next 
to inquire what excavations, what emb ankm ent, and what bridges 
will be necessary to render the road of easy traction as to gradients. 
In the matter of excavation it requires some skill, according as the 
cutting may be through tough boulder-day—through an admixture 
of drift sands and clays, which are apt to slip by the percolation of 
water—throij^h greenstones and ba^ts, which, though expensive 
to remove, may be utilised as road-material—or through sandstones 
and limestones which may be applied to the erection oi bridges and 
retaining walls. Some acquaintance with the structure of rocks 
will also be of use to the engineer, in so far as these may be jointed 
or full of “ backs and cutters ” like some limestones; columnar or 
sub-columnar, like basalts and greenstones; tabular, as granites; 
or in alternate hard and soft strata, as sandstones and shales. 
Every formation has its own Ue and structure, and excavating in 
accordance with these is always the cheapest and most expeditious 

* Thomas Aitken; Road-makinf and MaittUnoTue. 2ad ed.. pp. 44-4$. 
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method. Where the material is of uniform character, little care 
is needed either as regards retaining walls or slope of excavation ; 
but where the material b of unequal durability, as alternations of 
sands and clays, of sandstones, shales, and clays, the weathering 
of the softer beds is sure to ensue, and should be protected by facing 
up unmediately after excavation. From want of this precaution— 
and especially in railway cuttings—much of the expense has often 
been entailed, and that not till obstiuctions and accidents have 
happened through sUps and foils—such conting;encies of themselves 
costing ten tiroes the amount of any walling*up that might have 
been at first adopted. Some care is also necessary when excavations 
pass through strata at angles, so as to prevent slips from the 
rising side; and when water-bearing beds occur, free egress must 
be made for the outftow, which otherwise would, in process of time, 
bring down the strongest retainii^: wall. Where cuttings pass 
through rocks suitable for building or for roads, a ftee face should 
be kept, if possible, for future quarrying—the situation being so 
available, not only for the workii^, but for the removal of the 
quarried material.' ^ 

Side-slopes. ' The forming of the side-slopes requires consider¬ 
able attention, so as to ensure stability and prevent slipping. The 
resistance to slip arises partly ftom the fiiction between the grains 
composing the soil and partly from their mutual adhesion. Friction 
is, however, the only force which can be relied upon for permanent 
stability, as the adhesion of the earth is destroy^ by the action of 
air and moisture, this being especially the case during alternate ftost 
and thaw. The nature of the soil, its condition as to internal 
moisture and the atmospheric infiuence. therefore, combine in fixing 
the inclination of the aide-slopes. The angle of repost, or, as it 
is generally termed, the natural slope at which different kinds of 
earth, by friction alone, will remain permanently stable, is shown 
in the table given by Professor Rankine in his Civil BngiTteering, 
vide Table IV. 

' The slopes moat frequently adopted for earthwork are 3 to 2 
and 2 to z, corresponding to the angles of repose 33 and 26P 
nearly.' * 

' With regard to the slope necessary to be given to the side of an 
embankment or cuttix^:, this should always be less than the inclina¬ 
tion which the earth naturally assumes, and which varies according 

' David Page; Economic Gcotogy, p. X07. 

* Thosas Aiikan: Eoad-moAin^ and MoinUnanct. snd ad., p. 58. 
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TAtUt IV 


Eartb 

Angle of 
repoM 

Coefficieat of 
friction 

Cuatomary 
designatioa of 
natoral slope 

Dry sand, day, and 


from 37* 
to 41 ^ 

075 

x« 33 toi 

mixot earth 


038 

2 63 „ 1 

Damp clay . 


45 * 

1*00 

X .. t 

Wet clay 


from ir* 
to 1+^ 

0-31 

045 

3 23 .. I 

4 0 < 

Shingle and gravel 


from 

to 35* 

III 

0*70 

0*0 .. X 

143 » 

Peat .... 


frrtm 

Z'OO 

S .. X 


to X4* 

o -*5 

4 M 1 


to the nature of the soil, aa will be observed th)m the following 
details given by Sir H. Parnell: " In the London and plastic Cl^ 
formation it will not be safe to make the slopes of embankments or 
cnttmgs that exceed 4 feet high with a steeper slope than 3 feet 
honrontal for 1 foot perpendicular. In cuttings in chalk or chalk 
marl the slopes will stand at z to i. In sandsiom, if it be hard, solid, 
and uniform, the slopes wiU stand at a ^ to i, or nearly perpendicular. 

' If a sandstone stratum alterziate with one of clay or znarl, it is 
difficult to say at what inclination the slopes will stand ; this will, 
in fact, depend upon the inclination of the strata. If the line of 
the road is parallel to the line of the bearing of the strata, in such 
cases large masses of the stone become detached, and slip down 
over the smooth and glassy surface of the subjacent bed. There 
are many instances of slips in sandstone and marl strata under 
such drcumstances as those now described, and here the slopes 
are as much as 4 to i. If the road Is across such strata, or at right 
angles to the line of bearing, then the slopes may be made li to i; 
but if the strata lie horizontal, even though there should be thin 
layers of marl between the beds of stone, the slopes will stand at a 
^ to X. But it will be necessary, if the beds of marl exceed 12 inches 
in thickness, to face them with stone." 

' If any beds of gravel or sand are found intermixed with clay, 
drains should be cut along the top and even in the sides of the 
cuttings; for if this precaution be not taken, the water, which 
will find its way into the gravel, will, by its hydrostatic pressure, 
force the body of day down before it, and sUps will ta^ place 
even when the inclinations are as much as 4 to i; and when rhk 
occurs it is extremely difficult to re-establish them. 
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' In limestone str&ta, if they be solid, slopes will stand at a ^ to 
I; but in most cases limestone is found mixed with day beds, 
and in such cases the slopes should be or a to i- In the primitive 
strata such as granite, slate, or gneiss, dopes will stand at a ^ to z/ ^ 
' la excavations through $oUd rock, which does not disintegrate 
on exposure to the atmosphere, the sides might be made perpen¬ 
dicular ; but as this would exclude, in a great degree, the action 
of the sun and air, which is essential to keeping the road-suriace 
dry and in good order, it is necessary to make the side-slopes with 
an inclination varying from i in i to a in i, or even more, according 
to the locality, the inclination of the slope on the south side in 
northern latitudes being made less steep in order that the road- 
surfece may be more exposed to the sim's rays. 

' The slafy rocks g:enerally decompose rapidly on the surface, 
when exposed to moisture and the action of &ost. The side- 
slopes in rocks of this character may be cut into steps, and then 
be covered by a layer of vegetable mould sown with grass seed, or 
else the earth may be sodded in the usual way. 

' The soils and rocks, in which the strata have a dip or 

inclination to the horizon, are liable to slips, or to give way, by one 
stratum becoming detached and sli ding on another; which is caused 
either from the action of frost or from the pressure of water, which 
insinuates itself betsveen the strata- The worst soils of character 
are those formed of alternate strata of clay and sand, particularly if 
the clay is of a nature to become semi-fluid when mixed with water. 
The best preventives that can be resorted to in these cases are to 
adopt a system of thorough drainage, to prevent the surface-water 
of the ground from running down the side^Iopes, and to cut off all 
springs which run towards the roadway from the side-slopes.' ^ 
Drainage of Side-slopes. ' The slopes in cuttings on sidelong 
ground are g:eneraUy the most troublesome, and great pains should 
be taken in order to thoroughly intercept, from the rising ground, 
any flow or filtering of water towards the road bed. This is readily 
accomplished by forming catch-water ditches or drains on the uphill 
side of the cutting a few feet back from the crest of the slope or point 
where the excavation joins the natural surface of the ground. 
These, if possible, should be carried to the most convenient water¬ 
courses ; but where the surface of the ground is such that a suSkient 
^11 cannot be obtained at great expense in cutting and laying 

» FrankLalham; TfuConflntelicnofIioads.Paths.cmdStaXiiif 4 nus.pp.ts-i 6 , 
' H, Iaw: of th* Art of Conttrvoh'ng Jioo 4 s, pp, 44-4^. 
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dram pipes, the water may be conveyed down the slope to the side 
channel or covered drain near the formation level.' ^ 

' Where slips ocenr from the action of springs, it freqaently 
becomes a very difficult task to secure the side'Slopes. If the 
sources can be easily reached by excavating into the side-slopes, 
drains formed of layers of fascines, or brushwood, may be placed 
to give an outlet to the water, and prevent its action upon the 
side-slopes. The fascines may be covered on top with good sods 
laid 'wiih the grass side beneath, and the excavation made for the 
drain filled with good earth well rammed. Drains formed of 
broken stone, covered in like manner on top with a layer of sod to 
prevent the drain from becoming choked with earth, may be used 
under the same drcumstances as fascine drains. Where the 
sources are not isolated and the whole mass of the soil forming 
the side-slopes appears saturated, the drainage may be a&cted by 
excavating trenches a few feet wide at intervals to the depth of 
some feet into the side-slopes, and filing; them with broken stone, or 
else a general drain of broken stone may be made throughout the 
whole extent of the ade-slope by excavating into it. W^en this 
is deemed necessary, it will be well to anange the drain like an 
inclined retaining wall, with buttresses at intervals projecting 
into the earth farther than the general mass of the drain, The 
front face of the drain should, in this case, also be covered with a 
layer of sods with the grass side beneath, and upon a layer 
of good earth should be compactly laid to form the face of the 
sid^opes. The drain need only be carried high enough above 
the foot of the side-slope to tap all the sources ; and it should be 
sunk sufficiently below the roadway surface to give it secure footing. 

' The drainage has been effected, in some cases, by sinkii^ weUs 
or skafis at some distance behind the side-slopes, from the top 
sur^e to the level of the bottom of the excavation, and leading 
the water which collects in them, by pipes, into drains at the foot 
of the side-slopes, In others, a narrow trench has been excavated, 
parallel to the axis of the road, from the top surface to a sufficient 
depth to tap all the sources which flow towards the side-slope, and 
a drain formed either by filling the trench wholly with broken 
stone, or else by arranging an open conduit at the bottom to 
receive the water collected, over which a layer of brushwood is 
laid, the remainder of the trench being filled with broken stone.' * 

^ Thomas Aitkea: Jioad’inaAing and Mainunancf. sad ed.. pp. 63-O3, 

■ H. Ls«; Sudimants of Art oj Comtructint Roadi. pp. 45-46. 



ROADS AND CANALS 


241 


Mountain Roads 

Alignment. In selecting the most suitable line for a mouQtain 
road the following points should be taken into con^deration 

(1) The most direct route is not always the best. 

(2) Rulii^ points such as crossings of rivers and streams, saddles, 
etc., should be fixed first. Marshy places should be avoided, as the 
cost of drainage is likely to be prohibitive. 

(3) It is often better to go round a hill than to go over the top. 
Zigeags are often essential, in order not to exceed the maximum 
gradient. It is very important—and this point is often neglected— 
that the turning-points ioining the straight portions of the road 
should be almost, if not quite, level. 

Cither important points which infiuence the selection of a route 
are: 

(1) Stratification, 

(2) Whether the route is sunny or sheltered. 

(3) Nature of material which will be quarried ftom cuttings. 




Pio. 41. Road-cuttiags in mountain pua. 


StraHficaHon. Carefully examine the stratification of the rocks 
to be cut through, and avoid if possible all strata dipping towards 
the line of road. Thus in fig- 41 the side'Outting at a would not 
be safe, whilst that at h would be perfectly secure, 

le 
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It $ometiai«s happens that advanta^ can be taken of the natural 
stratihcatiOD to economise work in a long ^de*cutting. This was 
dose by Mr E. Dobson in the case of a road over Evan's Pass, at 
Port Lyttelton. New Zealand. The descent of the paas was on the 
side of a long volcanic spur, formed by a succession of lava streams, 
dipping at an angle of x in the lower part of each lava stream 
bdng bard volcanic rock, whilst the upper portion was soft and 
easily worked. Tbe line was originally set out with a gradient of 
I in Z7, which would have entailed a series of cuttings through the 
hard rock and retaining walls in front of the softer 
portions. By altering the gradient, however, to 
that of the lava streams, a solid floor was obtained 
throughout, the retaining walls were dispensed 
with, and tbe excavation was made chiefly in soft 
materiaL The alteration efiected considerable sav* 
ing in time and first cost, as well as in the cost of 
maintenance. 

' It is desirable to run a Mol ^adieni through the 
work, and find where it intersects difficult ground. 
Then lay out the Une at these points so as to obtain 
the most advantageous bvels for tbe execution of the 
work, and readjust tbe gradient as may be re<;uired. 
For instance, in fig. 42. if the level if the road is 
pa^ fixed at a, the floor of the cutting will be in the solid 
with t%ht side-cutting; if at c. the available width 
would be considerably reduced, and the amount of cutting in¬ 
creased ; whilst if tbe level were at a retaining wall would be 
necessary.' ^ 

Crossing Watersheds. ' (i) Whm ihi rmtit Uk across the vail«ys, 
as in the case of a road parallel to a coast-line passing over the spurs 
of a coast-range. Two modes of treatment are possible. Either 
the crests of the hills may be cut down and the valleys filled up to 
the extent required to obtain a suitable gradient on the most direct 
line, or the road may be contoured on the hillsides so as to obtain a 
surface-line of greater length with easier gradients. The second 
course is in many cases preferable, especially where economy is 
important; and it may ie laid down as a general rule that the 
expense of deep cuttings should only be incurred where the total 
rise can be reduced by so doing. 

' Where sloping ground occurs it is better to follow the contour 

^ S. Dobsoa i Piomtr Engitufring, p, S9. 



Fie. 42, 
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Imes with long stretches of easy gradients, and to flatten the curves, 
where necessary, by cutting off the spurs, than to set out straight 
road-lines. These involve either a number of additional culverts, 
or the breaking up of the road into a succession of short, alternating 
gradients, than which nothing can be more objectionable. 

' {2) Whfn ths routs foUctes the Uru of aprincijxil wdUy crossing the 
main vraUrshed at its head. The first thing to be done is to ascertain 
the lowest point of the range to be crossed, and the next step is to 
ascertain its actual altitude and the distance from the foot of the 
ascent to the summit of the paas. From these data the gradient 
can be calculated appro>dmately; and It is to be borne in mind 
that the actual gradient must be steeper than the calculated gradient, 
in order to allow for passing through the most favourable ground,' ^ 

Mountain Passes. 'These generally come under one of three 
classes: 

‘ (z) A simple saddle connecting Che heads of two valleys. 

* (2) A saddle connecting the head of one valley with the side of 
another. 

* (3) A valley between steep hills, leading from a point near the 
head of one valley to a corresponding point in another. 

* The first two cases are generally very simple in treatment, the 
only question being whether the summit should be cut down 
or passed over by surface gradients. The latter plan should 
be adopted where practicable, as it is difficult to keep the slopes 
of cuttings in repair at high elevations, to say nothing of the risk 
of a road being blocked by snow-driRs in the cuttings. The third 
case, however, often requires a great deal of careful study. The 
ends of the upper valley forming the pass are often blocked by 
moraines, enclosing peat swamps and deep pools of water, some¬ 
times of sufficient extent to be dignified by the name of lakes. It 
wiU be a matter for consideration whether the morasses should be 
drained or skirted, and whether the moraines should be cut down 
or passed over. As a general rule it is desirable, at high elevations, 
to avoid as far as posable both embankments and cuttings and to 
adopt surface gradients, whenever practicable, although involving 
a somewhat circuitous route.' ^ 

^ E. Dobsea: Pienter En^interirxg, pp. 75^80. 

* B. Dobsoa: Ibid,, p. 84. 
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SUBORAOB FouKDATIOH 

A souad subgradd foundation Is of great importance, and in 
new covmtries, or at times in the case of new roads in old countries, 
&ilure is due to unsoundness in the subgrade, when soundness 
might have been obtained by a chaise in the alignment. 

'When a preliminary examination has not disclosed the reliability 
or otherwise of the proposed subgrade, trial pits will be necessary. 

Subsoil Drainage. The drainage of the subsoil provides for the 
removal of any water that may penetrate beneath the road^covering 
in cuttings and on the more or less level tracts, and is obviously 
of great importance, especially in the case of waterbound roads. 
For if the sod is not properly drained, a thaw succeeding ^ost will 
break up the road. 

On rock, aud on siliceous and calcareous soils, there is no great 
difficulty, and the ordinary side drains in cuttings and open ditches 
on the more level portions will suffice. But the side drains and 
ditches must be rather deeper than the greatest depth to which 
frost is likely to penetrate. In Canada, very deep ditches are 
necessary so as to drain the subsoil before the frosts set in. 

On clay soils in addition to the side drains, transverse V-shaped 
drains are required with the apex away from the direction of the 
flow, in which salt-glared drain pipes 2 to 3 inches in diameter are 
laid from 15 to i8 inches below the centre of the roadway, and 
connected to the side drains. 

Bottohikg 

This is the lowest section of the road covering and should rest 
on a solid surface. 

The best bottoming for all roads is cemeiU concrete, but except 
for very heavy traffic or for soft places the expense is, as a rule, 
prohibitive. Itiine concrete, especially if made with hydraulic 
lime, natural or artificial (see Chapter X), is sometimes used, and 
may have a future. Where clay has to be excavated, the clay may 
be burnt in baUs and ground with ordinary lime so as to give the 
requisite hydraulidty. 

Stone bottoming or soling is essential for roads carrying heavy 
traffic. It consists of medium and large blocks laid by hand 
broad ends dow n wards, and xq with smaller pieces and wedged 
with chips and spalls. It should be well consolidated with heavy 
rollers, and made up to the proper camber. 
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Slag, broken brick, or burnt clay are often ti$ed for bottoming. 
The day should be bamt miKh harder than when used for hydraulic 
lime. Chalk is said to make a good bottoming. It can be used 
over a layer of flints, which are often found in chalk districts. 

Geological knowledge comes in with reference to the relation of 
the subgrade foundation to the bottoming. Where clay subsoil 
cannot be avoided, it should be blanketed by a layer of some 
6 inches of ash, clinker, hard core, or graveL 

A depth of 9 inches is commonly specified for the bottoming, 
but where the subgrade foundation is at all soft, a greater depth 
up to 15 inches is necessary. 

SuRSACB Coating 

The enormous improvement effected by modern methods of 
waterproofing roads has driven waterbound roads out of our 
towns and main thoroughfares, but owing to their comparative 
cheapness waterbound roads must, for a long time to come, 
continue to be used for all classes of roads in many parts of the 
world, as well as for secondary roads, by-roads, etc., in our own 
country. But, doubtless, surfau irsAUnmi will come into use more 
and more for such roads. 

Waterbound roads are made with one or more coats of metal, 
each coat being properly consolidated, and finished with a ' carpet ’ 
of finer metal or gravel (see Section II). 

Partially waterproof roads are made by giving some form of 
surface trealtfunt to a waterboimd road (see Section H). 

Waterproof roads are described in Section HI. 

SECTION II. WATERBOUin) AND PARTIALLY 
WATERPROOF ROADS 

Need for Scientific Knowledge. A knowledge of geology is of 
great importance, not only as indicated in Section I above, but 
also in the selection of sites for 9,uarTymg stone, and in the scientific 
study of road materials. 

Experience is no doubt very valuable, but this takes time, 
which is not always available, especially in new countries. More^ 
over, stone even from the same quarry is apt to difier very much 
in durability. 

Water. The amount of water present at any one tune in the air, 
in the subsoil, and in the crust of a road varies so much that 
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qoestion deserves careful attention. Waterproof roads are nov 
largely used in civilised countries. They ^eep the surface dry and 
protect the subsoil But waterbound roads must be ade<3uatel7 
drained, though they must not be drained too quickly or the surface 
^rill be liable to break up in dry weather. If drained slowly, they 
wiU be firmer and less dusty in ordinary weather, and less liable to 
injury from heavy rains. 

In very cold countries, however, it is more important to prevent 
frost getting into the subsoil, and deep side drains are necessary. 

Qualities oe Macadam 

The essential qualities of a good stone for macadam are: 
hardness, toughness, durability, and binding or cementitious 
qualities. 

Hardness is the resistance which the stone offers to the displace 
ment of its particles by friction, and varies inversely as the loss in 
weight by grinding with a standard abrasive agent. 

Toughness is that property which admits of the constituent 
minerals yielding to a small extent without separation of the parts, 
and enables the stone to resist ^acture when struck with a hammer, 
or by the blows and concussions which obtain on the surface of 
a road. 

Stone for road-metalling purposes may not only be hard, but 
brittle, and conse<quently deficient in cohesion or toughness, as in 
quartz and flint. These crumble under traffic, owing to the hard 
grains being insuMciently bonded together or mutually attached. 
This defect, to a certain extent, applies in the case of the intrusive 
and volcanic rocks, which have a high add composition. 

Durahili^ depends partly on the hardness, cohesion, and structure 
of the stone, which enables it to resist abrasion, and partly on its 
power to resist chemical decomposition, and on its mineraloglcal 
composition. 

Structural charactfiristics are referred to in Chapter IV, In the 
special case of road-stones, finpneR<; md es^enneas of grain are 
preferable to coarseness, as a rule. Fluxion structure, banding, 
and a fissile tendency are un^vourable. 

Chemical deccmposUion. The tendency to decompose or' weather ‘ 
is referred to in Chapter V, Section IV. In addition to the ordinary 
weathering action, road materials are often affected by the solvent 
action of surface-water charged with organic adds and salts. 

The cbeioical stability of diflerent rocks varies greatly. The 
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effect of traffic on road*stones composed, even partly, of unstable 
minerals is to cause rapid disintegration. 

Mineralogiad composiiion. While the durability of the essential 
minerals is important, the strength of the matrix and the nature of 
the accessory minerals are often determining factors. 

Binding or Cementitious Properties. This quality depends to a 
great extent on the toughness of a rock and its resistance to spalling 
and fracture. Hoad^stone showing these characteristic features has 
generally a rough-ff:actuxed surfoce which enables it to retain its 
position in the road better than a stone having too smooth a surface. 
Road-metal consolidated by »qng chips and dust of the same 
material, especially if the rock is of the more add varieties of the 
volcanic and porphyritic groups, is generally deficient in cementitious 
propwdes; it therefore becomes necessary to employ binding 
material of a slightly clayey nature to maintain cohesion. 

Physical Tests. Tests can be made to determine the physical 
properties of hardness, toughness, crushiog strength, abrasion, 
absorption, cementing or binding value, and specific gravity. 
American practice in this respect is in advance of British practice, 
and some of the following are taken ffom those laid down by the 
American Society of Civil Engineers. 

Hardiws. The test is made with a ' Dorry' or similar machine, 
consisting of a revolving disk on which is fed, at a uniform rate, a 
standard quarta-sand passing a 30- and retained on a 40-mesh sieve. 
Two cores, each 0-98 inch in diameter, are cut from the material 
to be tested, and their faces ground off so as to be at right angles 
to the long axes of the cores. The cores are placed in the holders or 
dies weighted so that the entire weight of each core with its 
holder and added weight is 1250 grammes. Each core is ground 
in the machine on one face for 1000 revolutions, after which it is 
reversed and ground on the other face for another xooo revolutions. 
The loss of weight of each specimen is determined at the end of 
each 2000 revolutions, and the average loss in weight is found by 
the formula: Hardness«sowhere W equals the average 
loss in grammes per 1000 revolutions. 

Toughn^s. This property is very important, as a stone may be 
hard but brittle, in which case it is useless as a road-stone. Test- 
pieces must be cut from freshly grained rock, and must show no 
signs of inclpleot fracture due to blasting, etc. They are tested in 
a ‘ Page ’ or other suitable impact marine, and are cut into cores 
24 to 25 mm. in diameter and 2S mm. long. The ends are carefully 
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^uared and ground smooth. The test-piece is held on a base or 
anvil weighing not less than 50 kg., and above it is placed a plunger of 
I kg, weight, its lower end being spherical and hard-tempered. A 
hammer weighing 2 kg. falls on the plunger ftom a height of i cm. 
for' the fiiTt blow, and for each succeeding blow the height is in¬ 
creased by I cm. The height of the blow in centimetres at time of 
failure gives the toughness of the specimen, 

The tests for the cmsbing strength, absorption, etc., and specific 
gravity of building stones given in Chapter VIII, Section III, are 
also suitable for road-stones. 

A^asion. The * Deval' machine consists of one or more cylinders, 
20 cm. in diameter and 34 cm. in length, inside. They are mounted 
at an angle of 30* with.the axis of revolution. There should be fifty 
pieces of stone broken as uniformly as possible, and the total weight 
should be within zo grammes of s kg. The samples are washed, 
dried, and weighed and put into the machine, which is given xo,ooo 
revolutions at the rate of 30 to 33 per minute. All pieces retained 
on a ^incb mesh sieve are weighed and give the percentage of wear. 

CfffMitiing or Binding vaUtc is ascertained by making briquettes 
from the stone dust, which arc placed under a plunger which is 
struck by a hammer weighing z kg. falling i cm. at each blow. The 
number of blows required to break the briquette is a measure of the 
cementing value. 

KiHDS OF Macadam 

Granite is the best material for road-coverings, and this term, as 
used by road-mak^, includes syenites, diorites, andedtes, diabases, 
and gabbros. 

In places where the cost of granite, as above defined, is pro¬ 
hibitive, the best material available locally, or within reasonable 
distance, must be used. But for an ordinary waterbound road 
subject to hard wear and not surface treated, the best material is 
the cheapest in the end. 

A road-stoue should be bard as well as toi.^h, with an uneven 
texture, so as to ensure a tough surface, Stone of uniform texture, 
composed of only one ingredient, is unsuitable for bard wear. 

Limestone is unsuitable for this reason, and also because it is too 
soft and easily worn into dust and mud. See, however. Waterproof 
Roads, Section HI. 

Flints, though hard, have a smooth fracture, and consequently 
do not afiord the necessary toughness of surface. 
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IroE and Steel slag are much used in the Midlands and North of 
England, but make a muddy surface. 

Igneous Boeks. GraniUs. Those which are compact and hne^ 
grained, and composed of muscovite and orthoclase, may be taken 
as reliable material for road-metai The durability and hardness 
of granite are the greater the more quartz and hornblende pre¬ 
dominate, and the less the quantity of felspar and mica, which 
are the weaker and more perishable ingredients. Smallness and 
lustre in the crystals of felspar indicate durability ; laTg:eoess and 
dullness the reverse. 

SyiniU in most cases forms an excellent stone for road-metalling 
purposes. Like granite, its durability is greater when quartz and 
hornblende predominate. 

Dujnts$. These rocks axe largely used as road-metal, and those 
having the component minerals fine-grained and compact are 
satis^ctory and durable compared with those of coarse grain, 
which quickly decompose and form mud in wet weather. Dioiites 
come under the heads of ' Trap Rocks' and ' Greenstones ’ {c/. 
Chapter VIH, Section I), as do gabhro and diabase —the latter 
being fine-grained and the former coarser, while both are suitable 
for road-metal. 

is much used for road-metal (see Chapter VTII, Section I). 

BasaU and doleriie are also known as greenstones, the former 
being fine-grained whilst the latter is coarser. They are generally 
hard and durable, and suitable for road-metal. 

AndssiU. The felted structure of the ground-mass in typical 
pyroxene-bearing andesites is advantageous to durability, but if 
the fiow-structure is suMclently pronounced, it is a source of weak¬ 
ness in road-stone. 

Metamoiphic Rocks. ' Homfds vary in structure greatly, and 
are somewhat brittle : when hornblende is an important ingredient, 
the rock is preferable to those composed of constituents of a less 
tough nature. 

' Mica’Schist is used as a road-stone in the West Highlands of 
Scotland and in Wales, on light-trafiicked roads, wiA good results. 

' QuartziUs are distinctly superior to all other descripticms of 
rock in the Metamoqjhic and Sedimentary Groups, as material for 
road-making. This result is mainly due to the fact that the grains 
are completely cemented together with quartz; these stones are, 
however, very brittle.' ^ 

^ Tboinas Altkea: Hoad’mahing Mainlenattt 4 . ed., p. los. 
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Sddiment&r;^ Bocks. ' Most of the limcstGn 4 s have been lately, 
and are still, employed as road*stone in many counties in England. 
The durability of these rocks is influenced by their porosity, which 
varies with the compactness and crystalline texture. The Carbon¬ 
iferous or Mountain limestone is the best of this group of rocks for 
macadam. When subjected to heavy vehicular traffic this road- 
stone makes much dust in dry, and mud in wet, weather, the latter 
facing of a very greasy nature. Alternate frost and thaw renders 
this material practically useless on roads thus aflected.' ^ 

Sartdshws are much used for bottoming roads, but are too soft 
for metalling. 

Lstmk for road-metal should be hard, compact, heavy, and of 
a dark colour. The lighter-coloured laterites, as well as those con¬ 
taining much ochreous clay, should be rejected. Laterlte, which 
approaches hamatite in quality, is the best material to be used. 

Sbcowdary Roads akd By-boals 
' Besides igneous rock, there are many of the tougher and more 
durable of other stones which are suitable for any except the 
heaviest traffic, and others which have special advantages on 
certain soils. 

Limestone. ' Among such stones limestone is the most im¬ 
portant. The dust formed on a limestone road is seldom of a 
very irritating kind, the stones do not cut rubber tyres, and though 
the glare on white limestone is sometimes rather trying, the gain 
is, on the whole, with a road which absorbs less heat than others, 
while the lessened radiation diminishes frost. Limestone wears 
evenly and smoothly, and yields a cementitious detritus. It is 
therefore a good weather-resUting material, and on ** weather- 
tesistiogroads a fairly soft stone may be quite suitable for light 
traffic. There id less shifting of material on a limestone road than 
on most other kinds of similar cost; and shifted material does, as 
a rule, less damage to the road^xost. 

' SiiK 4 otts hmestones have the advantage of producing a less 
slimy mud than purer or than marly stones, and several useful 
stones for road purposes lie on the border between sandstones and 
limestones, the presence of carbonate of lime in considerable quantity 
in the sandstone having a good eflect upon the binding and tough¬ 
ness of the broken stone. Gritstones are usually better than sand¬ 
stones proper, but axe apt to yield a more irritating dust.' 

> Thomas AitiMs: and MaM<nanc 4 . snd «d.. p. I 03 . 
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' Hints are largely used for by-roads is their districts, and are 
exported a good deal Though some flints are tougher than others, 
they are gfenerally too brittle for road metal, and produce irritat- 
ing dust. They break " unkindly/' and the fractures are sharp 
and bad for car tyres. Unbroken small flints are often suitable 
for the “ shoulders" of a road of a modest class. Water does 
not rest upon the surface of such a strip, which forms a means of 
draining the carriage-way without a scour, There is a kind of 
interlocking between flints of irregular shapes which enables them 
to sustain traffic to some extent with little disturbance. For the 
carriage-way proper they should be broken small and well con¬ 
solidated with a binder, such as a little clay or marl, For a very 
cheap road flints may be used to top a loamy gravel, sbouldem 
being made of the larger pebbles raked out. For roads of quite 
an important class flints have some uses, such as giving side 
support, filling spaces where vehicles occasionally pass, and bottom¬ 
ing or partly filling the cuts to drains.^ 

(jravsl. 'The materials commonly known as "gravel" vary 
from a mass of pebbles by themselves to what is little more than 
loamy, marly, or sandy matter, with a few pebbles or fragments 
distributed through them- Pebble beds often yield very good 
material for by-roads, and the objection to their use on more 
important roads is often based rather on their shape than their 
material Large quarts pebbles are ofren broken up for road- 
metal. Successful roads have been made with gravels containing 
50 per cent, of pebbles, 30 per cent, of sand, and 20 per cent, of 
day; and generally gravels with a proportion of ferruginous clay 
will bind well together, and, with a top l&yer of hard stone, or of 
the larger pebbles well broken, make roads of a fair wear-resistance. 
With saffident cohesion in the materials, and the prevention of 
excessive dryness, combined with the right kind of drainage, gravel 
roads may 1» fairly weather-resisting.' ^ 

It will, however, be easily understood that for country roads, 
any hard material that does not soon work up into mud or grind 
into dust, and that has the advantage of requiring no expends^ 
caniage, will be selected. It is well to remember, in such cases, 
that sandstone is better than limestone, and hard limestone is 
better than slate ; while basalts and granites are exceedingly good 
or exceedingly bad, according to the proportion of aitraJm^ earths 
(especially $0^) which they contain. 

^ Reginald Ryvea; 1905 Br^htn Ston* JiMdt. 
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Kankar (see Chapter X, * Indian Lunestones ’) is largely used in 
Upper India, and makes a good road except for very heavy traffic. 
It is found a short distance below the ground surface, sometimes in 
a continuous stratum about x to feet thick, when it is called block 
kankar, and may even be used for masonry, but more generally 
in the nodular form. The nodules vary in sire, and they and the 
block kankar should be broken to required size as soon as dug, as 
the k a nk a r hardens after exposure to the air. The breaking should 
be so as to allow of the lower layer being made of large pieces and 
the upper of smaller ones. 

Eankar varies much in quality, the inferior kinds containing so 
much clay as to be almost useless, and the hardest kinds even 
reqidiing an admixture of clay to make them bind. 

UoonuD.. This is the chief material used in road-making in the 
Bombay Presidency, as it is generally obtained close at hand at 
small cost, and aflords the best sort of materials with which to 
commence a new road. 

The term moonim is often applied to almost all descriptions of 
subsoils which are suited for the surface of a road, by being at 
all harder than the common earth, and a moorumed road may 
contain in it different portions of sand, laterite, broken bricks, 
kankar, yellow earth, or any hard strata, which may be met with 
below the surface. 

The real moorum is probably trap rock in course of dislnt^sution. 

Binding Matsrial 

l^bably the best binder for waterbound roads is hne limestone. 
But the <^oice of a binder is frequently affected by the kind of 
stone employed for the macadam. When a stone wears to a sUmy 
mud, sand or grit, or chips of siliceous rock, are better binders 
than a clayey material; when, however, sand or grit is the chief 
or sole detritus, clay is a better binder than sand. 

On roads clay should never do more than hll the interstices 
between stones, or stones and chips which are jammed tightly 
tcgether. On a road which is r^ularly swept and sometimes 
watered, more importance may be attached to the binder as a 
packer, and less to its direct effect upon the traffic, Sometinies 
mere than one kind of binder may be used; for instance, a cheap 
local material in the lower layer, and a Httle of just the i^ht 
material for the stone used as a wearing layer. 

It is cheaper and earier to make a road with a good deal of clayey 
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or marly material than to make it of solid stone with binder crushed 
in at the surface ; and as the road made with clay consolidates, the 
soperiluous clay may gradually be removed. But such a method 
is not suitable for main roads with much traffic, on which the camber 
must be more accurately adjusted, the pieces of stone must be 
januned tightly together, and the whole crust so compacted that 
the area of subsoil on which a wheel rests is as large as possible. 

Special bindi^ solutions, such as rocmac and giutrin, were used 
to some extent before tar-spraying was introduced. A dressing 
of calcium chi^de has been found useful, as it absorbs moisture. 

COHSOLIDATION 

Many roads are spoilt in the makmg by the use of too much 
water and binder during rolling. The macadam should be rolled 
and re-rolled dry till it is thoroughly compacted, and only then 
should water and binder be added This is seldom carried out, 
possibly because it is more tedious aud expensive in drst cost, 
but it is well worth while in the long-nin. 

Partiaixy Waterproof Roans 
Waterbound roads may be given some form of surface treatment, 
which may consist in spraying or painting the surface with iar. 
bitumen, or oil. and spreading chips or gravel thereon. 

A proportion of rubber with the tar or bitumen has been experi¬ 
mentally used, and *hi< method may become popular. 

Cemerti grouting is sometimes adopted, but usually costs as much 
as, if not more than, tar macadam, which is more eflective. 

SECTION m. WATERPROOF ROADS 
Waterproof roads may be made in the following ways 
Cement concrete, plain or rtinforced, with or without a coating 
of asphalt or other material, dressed with stone chips or gravel 
Tar macadam, bituminous macadam, or macadam with both tar 
and bitumen. 

Asphalt, 

CoKCRETE Roads 

Bottoming. As a rule the concrete combines in itself both 
bottoming and surface coating, but on clay or light soils a bottoming 
of broken brick or stone will often be advisable, or a bottoming of 
hydrauEc lime concrete will prove effective and inexpensive. 
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Surface Coatmg. The best aggregais is granite cr gritstone, with 
a minimum thickness of 6 inches. An aggregate of broken brick 
is sometimes used, but should be at least $ to 9 inches thick. A 
similar thidmtss should be given if local stone other than granite 
or gritstone is used. 

Whether one or two c<tak are to be given depends chiefly on the 
nature of the aggregate. If it is really hard, only one coat may be 
required, but with a fairly good local aggregate, a first coat of the 
latter 5 to 6 inches thick, followed by a 2-mch coat of granite or 
ether bard stone, will be suitable. 

The usual proportions for cement concrete surface coating are 
X'^4, but these proportions should be varied according to the 
nature of the aggregate and the thickness of the coat. The 
percentage of water in the mix should depend on the nature of 
the bed. 

Weamg Surface. New concrete roads are often left with no 
surface dressing other than a fine coat of sand, but when the surface 
becomes worn, an asphalt coating is applied and finished with chips 
or gravel 


Tab, Pitch, Bitumen, ajju Asehait 
These terms and their lumtations are often misunderstood and 
misapplied, with the result that specifications are $0 vague as to 
admit of inferior materials being used and incorrect mixtures 
adopted. It is most desirable, therefore, to use in all cases the 
British Standard Nomenclature, which is as follows:— 

Tsr is the matter (freed from water) condensed from the volatile 
products of the destructive distillation of hydrocarbon matter, 
whether this be contained in coal, wood, peat, oil, etc. 

Pitch is the solid or semi'solid residue from the partial evaporation 
of tar. 

BUumcn is a generic term for a group of hydrocarbon products 
soluble in carbon disulphide, which either occur in Nature or are 
obtained by the evaporation of asphaltic oils. The term shall 
not include residues from paraffin oiU or coal-tar products. The 
commercial materials may be described as bitumen if they contain 
not less than 98 per cent, of pure bitumen as defined above, 

Native biittfncn is bitumen found in Nature carrying a variable 
proportion of mineral matter, The term 'native bitumen’ shall 
not be applied to the residuals &om the distillation of asphaltic 
oils. 
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Asphaii is a road material consistiug of a mixture of bitumen and 
finely graded mineral matter. The mineral matter may rai^ from 
an impalpable powder up to material of $uch a size aa will pass 
through a sieve having square holes of ^inch size. 

Native or Rock asphaU is a rock which has been impregnated by 
Nature with bitumen. 

Additional Definitions. To the above definitions the following 
may be added 

Bitufncns are subdivided into Bitumens proper for the solid type, 
and Malthas for the viscous oc semi-fluid types. 

Asphalts are subdivided into Natural and ArHfioial. 

The material that is made artificially from grit or ausbed stone, 
when bonded with tar is known as iar macadam, when bonded 
with bitumen, as biUtmiTtous macadam. 

Bituminous rock. This term is really a synonym for natur^ or 
rock asphalt, but is sometimes used to denote a rook in which the 
percentage of impregnation is comparatively low. 

ArUficial rock a^hali is prepared in the form of mastic or 
powder—both being manufacture from the natural rook asphalt 
a^er it has been reduced to powder and additional bitumen being 
added as required. 

asphalt peneder must not be confused with the natural rock 
powder—it is made up to a definite specification and used for com¬ 
pressed asphalt tiles, etc. 

Rock asphalt mastic usually contains from 14 to 16 per cent, of 
bitumen. 

Me»phaiU and AstcephalU are proprietary names given to 
bitumens which are oil residuals. ‘They are refined, are not of 
the right consistency, but have to be fiuxed with lighter oils.' * 

For further information as to tests, fluxes, etc., see the works dted 
at end of this chapter. 

Bituman and Bituminous oompounds are found in Europe in 
Austria, France, Germany, Hungary, Italy, Russia, Spain^ 
Switzerland and Turkey ; in Asia, in Burma, China, Japan. Persia 
and Syria; in Africa, in Egypt and South Africa; in America, in 
Argentina, Barbadoes, Canada, Colombia, Cuba, Ecuador, Honduras. 
Memco, Peru, Trinidad, United States, and Venezuela. 

Many of these deposits consist of native bitumen, whilst others are 
rock asphalt or bituminous rock. The soft and viscous bitumens 

* PraadsWood: Mod*rHReadCoHStnulion,ta^td..p.iss. Charles Griffin 
ft Co. 



m GEOLOGY FOR ENGINEERS 

are seldom found pure, but fenerally impregnate some mineral bed. 
Pure bitumen is often found in cavities of rocks which are difficult 
of impregnation, such as the ' ophites ’ of the Landes, the 
‘ pcperites' of Auvergne, the ‘ syenites ' of Cuba, etc. 

In Europe, the purest bitumen is found in the Dead Sea, but 
generally the deposits are bitaminous rock or mineral. 

Of the Euro^san deposits of bitumen, mention may be made of 
those in Albania. Catalonia, Russia, induing' Kir' in the Caucasus, 
which is formed by the evaporation of naphtha; Tyrol, and Pechel- 
bronn in Germany. 

In Europe, the most important deposits of rock impregnated with 
bitumen are at Limmer and Verwhcle in Germany ; and Lobsaim in 
Alsace ; Val de Travers in Switzerland, which is one of the best 
known; and Ain and Haut*Savoie (Seyssel), Pont du Chlteau, 
Cortal (Champ des Pois), Colombier des Roys (Dallet), Lempdes 
(Puy de la Bouri^), Lussat, Malintrat, and Cbamdi^ee, in France; 
at Chieti, Pepoli I^dano, Venotro, Ponte Corvo, etc., in liajy; 
at Rinazzo in the province of Syracuse, and near Leperino in Sieiiy ; 
and at Maestu in Spain, where there is an immense deposit of 
bituminous rock. 

In Asia, extensive beds impregnated witb a very fluid maltha are 
found in N. India and Persia. 

In Africa, bitumen has been found in Algeria. 

In America, the chief deposits are in the West Indies, where the 
‘ lake' and ' land' bitumen of Trinidad are pre-eminent, and at 
Bennudez in Venezuela there is a huge deposit; while there are 
large deposits in Cuba, near Coxitambo in Peru, and in Barbados, 
where it is known as Manjak, and in the Island of San Domingo. 

In the continent of N. Americabitumen is found in many territories, 
ranging from Alberta to Texas, and in many forms, such as asphaltic 
oils, semi*fluid malthas, rubber-like ' wurtzilite' or ' elaterite,' 
brittle ' grahamite ’ and ' glance pitch.' Impregnated limestone is 
found in Texas, and impregnate sandstone in Kentucky, Utah, 
Missouri, Indian Territory, Texas, and California. 

The solid bitumen found in Colorado and Utah is known as 
' gilsonite ' or * uintaMte.' 

Tar and Bituminous Macadams 

These consist essentially of macadam impregnated with tar or 
bitumen, or a mixture of both. 

The nature of the aggregate depends on two considerations: 
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(i) The best resuits can be obtained by the use of a stone which has 
about the same wearing: capacity as the matrix, (a) A stone which 
has the greatest affinity for tar or bitumen is preferable to a hard 
stone such a$ granite. 

Hence limestone, Kentish rag, sandstone, or l^aggy stone—ail 
of which are composed of particles of a similar kind^are the 
best for this purpose. Some engineers prefer sldg as an 
^gregate, e.g. Mr W. J. Hadfield, author of Highways and tfuir 
MainUnanc 4 . 

Tar and bituminous macadam are usually finished with a coating 
of asphalt vnth a fine aggregate, and may be given a surface'dressing 
of stone chips or gravel. 

Tar may be obtained from coal, wood, peat, gasworks, blast 
furnaces, coke-ovens, etc. 

Pitch {vide ' British Standard Nomendattire' above) is obtained 
from tar. It is, however, as well to note that, strictly speaking, 
pitch is a bitumen (as defined above) with extraneous matter such 
as free carbon, residual coke, etc. 

For farther details regarding the use of tar and pitch for roads, 
the reader is referred to technical works on the subject. 

BituzDsn {cf. ' British Standard Nomenclature' above). The 
name is derived from the phrase Pix twnens. denoting ' bubbling 
or fervent pitch.' It may be gaseous, liquid, serai-liquid, or 
solid. 

Bitumen is partly soluble in petroleum naphtha—the soluble 
portion is known as peWoUne and the insoluble portion as oiphaiUne 
(or maltene). Asphaltenes have no binding efrect by themselves, 
but in solution or when mixed with petrolenes give the latter 
their binding properties and additional stability. 

Much petroleum residue is classed as bitumen which contains oily 
petrolenes unsuitable for road work. 

For tests, etc., see the works cited at the end of this chapter and 
other technical works. 

As?salt Roads 

These may be laid with a single coat, or with two ccats consisting 
of a binder course of hard aggregate not more than jf-inch gauge, 
and a wearing course of fine material with bitumen or asphalt. The 
coat or coats may be laid hot or cold, and there are a considerable 
number of different processes the description of which is beyond 
the scope of this book. 
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SECTION IV. OANAL-MAKDIO 

* In laying down and arranging the ganeral line of a canal, many 
points have to be considered in addition to those which apply to 
them in common with roads and railva3's. One of the most desir¬ 
able points to be attained is a perfectly level surface throughout 
its whole extent. It is, however, very seldom that the cotintry 
is so favourable as to allow this to be effected. In most cases it 
becomes necessary occasionally to alter the lev^ of the surface of 
the canal, the water being retained at the higher level by gates 
so placed that the pressure of water against them keeps them 
closed. It is, however, impossible to prevent a small amount of 
leakage at the gates, and therefore it becomes necessary to have 
the means of supplying the upper portion of the canal with water, 
to compensate for that which thus escapes, as well as that which 
is necessary to pass vessels &om the higher to the lower level. In 
addition to these two causes of loss, a further waste is occasioned 
by the evaporation from its surface, and the absorption of the 
water by the ground through which it flows (c/. Chapter VI], 
Section I). 

‘It is, therefore, an object of considerable importance in the 
arrangement of a canal to obtain some natural feeder (as it is termed) 
for the supply of the water thus lost, which obj ect is usually attained 
by diverting some of the smaller natural rivers or streams, and 
leading as much of tbeli waters as may be required to supply the 
highest (technically called the sumni^} level of the canal, for that 
being properly supplied, the lower levels will be fed by the water 
which escapes ^om the upper. 

* Before forming a canal, the strata through which it will pass 
should be carefully examined, more especially with reference to 
its powers of retting water, that is, of not absorbing it- Many 
soils, such as dean sand, or gravel, would carry of! the water so 
rapidly as soon to drain the canal, and therefore such strata should, 
if possible, be avoided. Where, however, it is impossible to do so, 
the canal may be made watertight by lining its sides and bottom 
with fiddled day, which consists of good clay, thoroughly well- 
beaten up with water, or tempered, and then mixed with a certain 
proportion of gravel, sand, or chalk. Pure day by itself would not 
answer, because if at any time the water in the ca n a l sunk below 
its ordinary level, the upper part of the puddle, becoming dry, 
would crack i and when the water again rose it would escape 
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through these cracks, which by its action would be gradcally 
enlarged until the puddle was rendered useless.' ^ 

When a canal traverses a valley, it should if possible be located 
on the ade^pes, where the soil is firmer and not so porous, but if 
it must be treated in the valley, its banks should be raised above 
the majuixium fiood>level. 

Leakage. The importance of geological knowledge in canal- 
makir^ was long ago recognised, and was applied by Mr W. Smith, 
in 1811, in a very successful manner. About that tim» many canals 
were being cut in the west of England, and these, crosau^ the 
oolitic hills, were found to be particularly liable to accidents of 
leakage, beii^ cut through open-jointed, and sometimes cavernous, 
rocks, alternating with watertight clays. lu the passage across 
the former rocks, and more espedally when the summit-level of 
the canal occurs in them, the water escapes almost as fast as it 
enters, and all the skill of the engineer in puddling and maldng an 
artificial bed is sometimes exerted in vain, and cannot prevent 
great and ruinous loss. But the existeirce of open joints and 
caverns is by no means the only, nor indeed is it the greatest, source 
of injury, for innumerable small faults or slides traverse the country 
and confuse the natural direction of the springs, tendering them 
short in their courses and uncertain and temporary in their fiow, 
weakening by their irregular pressure every defence that may be 
opposed to them, and causing leaks which let through a portion of 
the water contained in that level of the canal. 

The general remedy for all these evib was understood by Mr 
Smith and proposed by him for adoption. It is ' the entire inter¬ 
ception of in the springs which rise from a level above the canal 
and pass below it through natural fissures and cavities. This is 
a process requiring great and extensive experience ; some of 
the springs, for instance, which it is most important to intercept, 
come not to the surfoce at all in the ground above the canal, but 
flowing naturally below the surface through shaken or faulty 
ground, or along masses of displaced rock which extend in long ribs 
from the brows down into the vale, emerge or attempt to emerge 
in the banks of the ; there no ordinary surface-draining will 
reach, and none but a draming-er^;ineer, well versed in the knowledge 
of strata, can successfully cope with such mysterious enemies. But 
Mr Smith, confident in his great experience, not only proposed, by 
a general system of subterraneous excavation, to intercept all these 
‘ H, Law. C.E.; Tkt RudimtnU 0/ CiaiJ Biifitugring, 
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springs and destroy theu* power to injure the canal, but further to 
regiukte and equalise their discharge so as to render them a positive 
benefit. This he would have accomplished by penning: up the water 
in particular natural areas, or pounds, which really exist between 
lines of ^ult In most districts, or between certain ridges of day 
(“horses") which mlerrupt the continuity of the rock, and divide 
the subterranean watec'fields into limited districts, separately 
manageable for the advantage of man by the skilful adaptation o( 
sdence.'i 

' Phillip's Z4/9 <>! WilKom SmUh. p. 69. 
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CHAPTER XII 


RIVERS 

The work dooe by nxuiiog water has been briefly considered in 
Chapter I, Section I, but, to enable the engineer to fully understand 
the geological action of rivers, a certain amount of knowledge of 
hydraulic laws is essential. 

!q fact, the geologist must be acquainted with the principles of 
hydraulics to enable him to trace the action of rivers, whilst the 
hydraulic er^neer must have more than a mere smattering of 
geological knowledge if he is to be successful in his undertakings. 


SECTION I. CONDITIONS OE PLOW 

To enable the engineer to grapple successfully with River 
Improvement Schemes {vide Section HI) he must have some 
knowledge of 

(i) The physiographic conditions afiecting the flow, the 
formatioQ of alluvial terraces and plains, and the efiects 
of forests, waterfalls, and rapids. 

(a) The principles governing the motion of water in rivets- 
The transporting power of water. 

(4) The conditions governing fluctuation of flow. 


Physiographic CoNonioHs 

Physical CharactorisUca of Rivets. A river may be de fin ed as 
the main course through which the run-oS from a river basin is 
borne to the sea; or the line of least resistance to the discharge 
of the rainfall- Rainfall is referred to in Giapter VII, Section I. 

The regime of a river may be defined as the integration of all the 
forces which maintain the river in the form in which it exists. 

The phases of action governing the regime of rivers are erosion, 
transport, equilibrium, and deposit. Erosion and transport are 
referred to in Chapter I, Section 1 . Erosion takes place in the 
higher and more torrential portion; material is transported to the 

2SL 
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lower reaches, and is deposited to form the alluvial terraces and 
plains mentioned below, with the result that equilibrium is 
maintained. 

EquiUMum does not mean that there are any parts of the river 
which are not afiected by erosion, transport, and deposition, but 
deuotes that there are places in the river where erosion is equalised 
by deposit. 

The prgsmt devtiopmni of rivers is due to the work of ages, but 
in that part of the globe which was ejected by the Glacial Period, 
it is probable that rivers attained their chief characteristics at the 
end of that period, when the torrents caused by the melting of 
glaciers and ice^eets poured over the land and cut deep channels 
to the sea. 

The vast deposits to be found in the principal esiuaries were 
probably laid down at that time. In those early times the gradient 
must have been greater, the velocity of the water correspondingly 
increased, and the siae of the streams much larger, aa evidenced 
by the remains of river terracee (c/. Chapter 1 , Section I). 

Probably the regime of rivers became established at the end 
of the Gladal Puiod when the forces of erosion were balanced by 
the resistance of the soil, and the struggle between the tidal water 
and the torrential streams resulted in equilibrium. 

The flow of water in rivers is referred to in Chapter VII, 
Section IV. Every river presents a diflerent problem, but in 
general terms the flow of water may be said to depend on^ 

(c) The phyriographical and geological features of the region 
thro^b which the river passes. 

(i) The formation of the river bed. 

(c) The qnantity of water discharged in a given time in wet 
and dry seasons. 

River Valleys. While the nature of the strata through which a 
river flows has an eflect on its discharge, it also aflects the number 
and size of the tributaries of the river, and also the shape of the 
river valley. 

If the strata were only afiected by the flow of water in the river, 
the bed of a river would be deep and narrow, but the eflect of the 
erosive agents, especially rain, referred to in Chapter I, Section I, 
i$ to wear away the river banks. Gollies become streamlets, these 
unite into streams and streams become tributaries, and all carry 
away matter from the banks of the river. The rapidity of this 



RIVERS 268 

process of denudation depends on the nature of the strata, and it 
is accentuated towards the river mouth, where the lowlands are 
usually composed of sedimentary strata which are easily denuded. 
The meanderings of the lower course of a river are due to obstruc¬ 
tions round which the river twists its way. 

Such valleys are volleys of excavation- Other valleys are caused 
by compression of the earth's crust, e^. River Meuse near 
Charleville; or by faulting, when they are called rifi vaUeys, as 
River Rhine between the Vosges and the Black Forest. 

Upper and Lower Portions of Rivers. Rivers may be divided 
theoretically into an upper portion or headwaters and branch 
streams which are not navigable, and a lover or navigable portion 
known as the main river. The river basin or drainage area is 
necessarily bounded by high ground, and the headwaters of large 
rivers take their origin from mountain torrents. 

River Basins. The basin of a river is a tract of country bounded 
by an encircling ridge, on the inner slopes of which the rainfall 
flows down into the river, whereas rain falling on the outer slopes 
fsJh into other basins. Rivet basins or drainage areas vary greatly 
in extent according to the configuration of the country, and the 
distance between the source or sources and the outlet of the 
river. 

Pall of Rivers. The rate of flow of rivers depends chiefly on their 
fall and the amount of hictlon against their beds and sides. If 
two rivers of different sizes have the same fall, the larger one will 
have the quicker flow, since its retardation by friction will be less 
than that o£ the smalter one. The fall of a river is generally quickest 
near its source, which is usually in high ground, and gradually 
becomes less. 

Action of Uoiutain Torrents. Under the action of the various 
agencies of disintegration, the mountain ridges are constantly 
yielding great supplies of debris to the torrents which score their 
sides. The greater part of the detritus to be found in the beds of 
these mountain torrents is due to the action of gravity on the steep 
slopes of the mountains. Not only is a considerable amount of 
material furnished from to time by the action of avalanches, 
but all the rock fragments lying on the slopes, frequently mixed 
with soil and formu^ masses of considerable size, are slowly creeping 
towards the torrent beds under the action of frost, snow, and rain, 
aided by gravitation. However slow the action, so long as there 
is a sufficient store lying on or near the surface, the stream beds will 
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be kept supplied. In places, however, where the supply of store 
is insuScient, the torrents eat into their beds and make their slopes 
steeper, with the result that the supply of material is accelerated. 
In this manner the supply of rock fra^menta, etc., to the mountain 
torrents is constantly maintained. 

In times of drou^t the torrents are reduced to rivulets of clear 
water, hut under the action of heavy rain they are filled with water 
turbid with sediment due to the dashing of the rock fragments and 
pebbles. 

At the foot of the mountain or point where the slope becomes less 
steep, a considerable amount of sediment is deposited in the shape of 
an aliuvial/an {cf. Chapter I, Section I). 

BiTer Teiracea. Further down where several torrents unite to fbnn 
the headwaters of a river, each flood deposits some of the larger 
stones which form the beginning of a fwer terrace, the intostices 
between these stones being gradually filled by smaller ones and the 
whole terrace becoming consolidated by vegetation. 

At this point in its course the slope of the river is too great for 
sufficient deposition to take place in its bed to counteract the eroding 
action of the moving load of sediment and detritus; hence the bed 
becomes lower, and as the terraces are only formed at high-flood 
levd, they are gradually left high and dry—fresh terraces being 
formed further down. 

Alluvial Plmns. Further down the river where the slope becomes 
so little that deposition takes place in the bed, each successive flood 
deposits sediment over a wide expanse on each side of the river, and 
at the same time the bed level is raised. This process results in a 
continued deposition of silt on the expanse be^e the river until 
alluvial plains, often of great thickness, are formed. 

The formation of these alluvial plains is accelerated towards the 
lowest part of a river's course, where the bed is so flat that the course 
becomes very undulating, and thus a still wider expanse is opened 
up for the deposition of alluvium. 

The eflect is greatest near the river's mouth, where the combined 
action of river and sea forms swamps which unaided may eventually 
become dry land, or may require the assistance of the engineer to 
drain and protect them {cf. Chapter XIV). 

The materials which form these alluvial lands grow finer and finer 
the nearer they are to the river's mouth. This is of course due to 
the fact that the heavier fragments are deposited as soon as the 
current begins to slacken. 
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ZTfidiilatioiis. The undulations which are so common in the 
flatter or lower portion of the course of a stream or river are largely 
due to the oscillations of the current induced hy obstructions in the 
path of the stream. For example, each tributary which joins the 
main channel, as a rule, has a steeper bed and swifter current than 
the main stream. Consequently the sUt carried by its waters is 
checked on reaching the Tnain and slower stream, and a mass of 
pebbles, etc., is deposited as a sort of bar. This bar when well 
established deflects the main current to the opposite bank, whence it 
is again deflected to a point lower down the river. Thus an oscillate 
motion is produced which tends to indtrce undulations in the 
course of the river. 

Action of Water-loTing Trees. The tendency to form nndula- 
tions is to some extent counterbalanced by the action of water- 
loving trees, which hnd a lodgment on the incipient river terraces 
and with their roots and branches entangle the sediment and form 
a barrier or fence to the stream. 

Effect of Forests. The vaHeyi of most rivers were originally 
covered with forests, and while many of these have been cleared 
away by the band of man, eTio;;gh still remain to illustrate their 
benefldal effect on the conservation of water. 

For in all forests, whether they consist of the ^ant growths of the 
tropics, the stunted woods near the poles, or the intermediate growths 
of more temperate climes, beneath the branches and above the soil 
there is a dense mat or sponge of vegetation, varying in thickness 
ffom a few inches to a couple of feet. This sponge acts as a reservoir, 
storing up the rain-water and yielding it but slowly to the brooks. 
Moreover, the streams and rivulets of the forest are often dammed 
by fallen branches, and pools are formed which add to the storage 
capacity of this natural reservoir. 

Where the forests have been cleared or have failed to implant 
themselves owing to the stoniness of the ground, the run-off of 
water is greatly accelerated and floods are apt to occur, the river 
channel is enlarged, and the amount of silt carried off is enormously 
increased. Hence forests have a very important influence on the 
activities of rivers. 

Effect of Waterfalls and Rapids. These may be due to the 
presence of veins or dykes in the bed of a river. If the vein or dyke 
material is softer than the bank it wiU not obstruct the flow ; but 
if it is harder it forms an obstacle which is exceedingly slowly 
surmounted, and generally takes the form of a cataract or rapids. 
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Very fre<)De7itly waterfalls are due to the presence in the bed of a 
layer of hard rock dipping against the flow. The face of the water¬ 
fall thus formed is gradually eaten away and the full retreat Dp- 
stream gradually becomes lower in height. Such a retreating 
water^Jl exercises a considerable influence on the conditions of 
flow of a river, for as it is cut back and reduced in height, the rate 
of erosion in the valley above it is increased and a larger area is 
influenced. 


Motion of Water in Rivers 

Rotary Motion. In flowing water the whole volume does not 
move forward in one mass, as is the case with a solid body, but 
every individual particle is in motion. As the volume moves 
forward, these particles roll round one another in orbits varying 
in dimentions according to the section of the stream, and each 
particle is deflected from its course by the diflerence of level of the 
surface and irregularities of the bed. 

The diameter of each orbit is governed by the distance from the 
surfoce of the water to the bottom of the channel and the distance 
between the sides. In shallow streams the particles are continually 
drculating in a number of small orbits, rolling round and amongst 
one another in all directions, according as -^ey are diverted by 
contact with the sides and the bottom. In deeper streams the 
orbits are larger, and the disturbing agents fewer in proportion. 
Thus, with the same velocity the distiurbance to the free flow of the 
particles decreases as the depth and width of the stream increases, 
and the diameter of the orbits consequently becomes greater. 

In other words, tbe further the centre of the stream is from the 
retarding medium, the less is the effect of this disturbing rotary 
motion. This is the cause why a deep stream has a leas eroding 
effect than a shallow one, and why, as the hydraulic mean depth 
is increased, the velocity also increases. 

The tendency of the particles is to move in a curved or rotary 
path in which the whole mass of the water participates. This 
rotary motion has a scouring action on the sides of the channel, and 
tends to scoop out holes whereby tbe curved motion of the particles 
is increased, the filaments of water are driven out of the straight 
path and reflected on to the opposite bank, and so a series of curves 
is set up. 

The existence of the deep pools which are found in the beds of 
rivers, the curved motion which a stream asaumes, and its power 
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to transport material of heavier specific gravity than itself, are due 
to this upward and rotary action of the partid^ of water! 

A Iar|;e volume of water once in motion maintains its flow with a 
very slight surface inclination. 

Retarding Force, ' If, owing to the action of gravity, water 
continued to flow in a river vdth no resistance, it would be subject 
to a constantly accelerating force, but as its motion over any 
given length is uniform, there must be alap a retarding force. 
This retarding force is due to the fliction of the particles of the 
water against the sides and bottoms, to the adhesion of the particles 
of the fluid, to variations in the head and irregularities in the form 
of the channel causing disturbance to the motion and a loss of 
living force from the particles being reflected in currents contrary 
to the general direction of motion, and to turbidity of the water.' * 

Velodty. 'As rivers increase in ai^e the proportion of the retarding 
to the accelerating force continually diminishes, and they therefore 
require a less rate of inclination to produce the same velocity. 

' Where the flow of water in a channel is uniform, the same 
quantity of water will be discharged at the lower end of any given 
length as enters at the upper end ; consequently, the same quantity 
of water must pass each transverse section per second, the velocity 
of the current increaring where the area is diminished and decreas¬ 
ing where it is enlarged. 

' The velocity of a cifeatn is not uniform throughout the whole 
section. The contact of the particles with the rides and bottom 
of the channel retards the velocity of the water immediately 
adjacent, and as the particles are reflected they transmit thig 
retardation to the more distant particles, the particles nearest 
the rubbing surface beu^ most aflected, and each in succession 
being less influenced, and the retardation decreasing towards the 
part most distant from the bottom and the sides being at a maximum 
at the former point and a minimum at the latter. The point of 
manmum velocity is found to be on a vertical line through the 
deepest part of the channel and a little below the ^rface. 

‘ There exists a point where the velocity of the filaments of the 
water is at a mean of the whole depth. This point varies with the 
depth and other conditions of the river. 

' Generally, the mean vdooiiy tmy be taken at 85 per cent, of the 
ma^dmum, and its position at the centre, or in deep rivers, at 0*45 
of the depth measured from the surface. 

» W. H. WW«ri TidaJ Rivers, p. 47, 
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' The point of Moxi'fwin wioctty is generally a little below the 
etirfece on the vertical line passing through the deepest part of 
the river, the water oo the immediate surface being retarded by 
the friction with the atmosphere. 

' The minmum velocity is at the bottom, and its proportion to the 
maximum velocity wiU be affected to a large extent by the quantity 
of sediment that is being carried and the depth of the stream. 

* Generally, it may be taken that the bolhm velocity varies from 
about 75 per cent, of tbe surface velocity for rivers of depths of about 
$ feet, to 50 per cent, for three times this depth, and 66 per cent, 
for large rivera 

‘ In these proportions for maximum velocity no account has 
been taken of the action of tbe mnd. Gales have a considerable 
influence in retarding or increasing the surfoce, and proportionately 
the whole velocity. However, observations have shown that the 
eSect of wind on a river (exclusive of tidal causes) does not reach 
beyond mid-depth.’ ^ 

Conlour. ‘ The contour of rivers in their natural condition is 
never found to be regular, either horizontally or vertically. The 
course of the river, whether tidal or fresh, consists of a series of 
curves, and a straight reach of any length is vety exceptional. 
The bed also consists of a series of pools and shallows, which maintain 
their shape and position without chaj^e, although the conditions 
of the flowing water ate continually varying, at one time running 
with great depth and velocity, and carrying along large quantities 
of solid material, and at other times running with low velocity and 
at less depth. Temporary alteratious may occasionally occur, and 
a river may change its course; but where the course remains un¬ 
altered tbe contour of the bed will be found to remain materially 
unaltered. Without an investigation of the cause of this, it would 
seem natural that the heavy material carried by the water in 
suspension would be deposit^ in the poob, and that they would 
become filled up, and the bed raised throughout, in the same manner 
as occurs at the mouth of large tideless rivers. After the contour 
of a river has once been determined, an equilibrium is set up between 
the erosive action of the water and the resistance of the material of 
which the bed is composed, and, this equilibrium being once estab¬ 
lished, tbe pools are maintained by the rotaiy action of the flowing 
water.' * 

^ W. H. Wbeeler* Ti 4 ^ Rivera, p. 48. 

‘ W. H. Wheeler: Ibid., pp. 52-53. 
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Dynamic Action. ‘ In flowing water, in addition to the static 
force which at the same depths presses against the sides and bottom 
of the channel equally in all directions, there is also a dynamic force 
depending on the vel^ty. If the direction of a stream be changed, 
the particles of water are impelled against the side of the channel, 
which presents an obstacle to the original line of direction by this 
dynamic action. The force thus brought into play is absorbed 
chiefly either In cutting and carrying away the material of which 
the hank is composed, or, when a state of equilibrium has been 
reached and the bank is sufficiently tenacious to withstand the 
impact, in heaping up the water and creating a greater head. In 
all curves there is, therefore, a radial dynamic action from the 
convex towards and on to the concave side, causing currents in 
that direction, which tend to deepen the channel both horizontally 
and vertically; or else to increase the velocity and rsiise the sur^ce 
of the water on the concave side, and to shoal and decrease it on 
the convex side. 

‘A channel which has once attained a state of equilibrium is 
prevented from being further eroded at the cmved portions owing to 
the varying action of the particles of water as they pass round the 
curve. When water which is moving along a straight channel 
comes to a part that is curved, the particles of water which arc 
nearest to the concave side are the first to come in contact with the 
curved side of the channel, and are thus the first to be deflected 
from their course. The particles next to these, being later, will 
collide with those previously deflected, and a simUar action will take 
place as each parallel series arrives. The consequence is that the 
full force of the water, instead of acting directly on to the hollow side 
of the bank and eroding it, will be gradually cushioned by that part 
of the stream which has already impinged on it. Even in a sandy 
estuary, if a deep trough be once scoured out, the reaction of the 
tidal currents flowing up and down and impinging against the sides 
and bottom will create an eddying or boring action which maintains 
the trough at its greatest depth and prevents deposit. It is due to 
this action that the deep pools are maintained, such as the Sloyne 
in the Mersey, Lune Deeps in the Irish Sea, Lynn Well in the Wash, 
and the steep mounds of sand with deeps on each side which exist 
as bars at the mouths of some tidal rivers ' ^ (see Bars al the Mouik 
of Rivers^ Section II below). 

^ W. H. Whe«l«i: Ttdel IHvers, pp. 54**35. 
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The Transporting Power op Water 
Tnndpori of U&terial. ' All rivers durinf land floods are charged 
with a large quantity of alluvial matter which is carried away in 
suspension, and their turbid condition then testifies to the work that 
is beii^ done in the transport of material. This detritus is the 
result the disintegrating effect of fh>st and rains, which break 
up and loosen the soil sufficiently to allow of its being washed by the 
rain into the river (see Chapter I). On reaching the channel of 
the stream it becomes thoroi^hly mixed with the water, and is 
carried along in suspension. When this material reaches a tidal 
estuary, it is transported over the sands and deposited near the 
banks durir^ the time of slack tide, where., owing to the shallow 
depth, there is Httle or no scour, cauring salt marshes to acaete ; 
or else it is carried out by the ebb current and deposited in the sea.' ^ 
Erosion. Water frequently passes along the bed over which it 
is flowii^ without exercising the erosive effect due to the velocity 
at which it is running. A very slight cause may change part 
of this velocity into erosive energy. A slight obstruction placed 
in the bed of a sandy channel xvill cause erorion, and the scouring 
of a pool where previously the water had passed over without 
any effect. The deep poob always to be found at concave bends 
are instances of the de^^opment of this power. 

‘ At certain velodties water has an eroding as well as a trans> 
porting power. Under normal conditions the sectional area of a 
river b suffidect to allow of a velodty slow enough to prevent 
erosion, and the natural bed of the river remains in a state of 
stability. If, however, the velodty is suffidently increased, or any 
^ency comes into play that disturbs the material composiz^ the 
bed or banks, the transporting power of the water then carries away 
the soil, and the sectional area becomes enlarged. In the same way 
detritus brought down at one time and deposited in a channel may 
be transported away in floods when the velodty b sufficient to erode 
and stir it up. Thus, also, tidal currents may flow over sands 
without disturbing or removing them, but if these sands are broken 
np by wind or wave action, the sand may be transported by the tidal 
current into the rivers- Shingle beaches are only found where there 
b a considerable rise of tide and suffident wave force is generated to 
erode the cliffs. 

' If a stream b loaded to its full carrying capadty it will not 
* W. H, Wneeler TiiiU Rivtrt. p. 59, 
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take a greater burden, but flows against the banks and over its bed 
without eroding them. If, however, it is not over-burdened, and 
the velocity 1$ sufficient to erode, it will pick up material from the 
soil over which it passes/ ^ 

' The quantity of material carried in suspension varies very con* 
siderably. In some rivers upwards of 2 per c«it. in weight of the 
total volume of water passing along the channel consists of solid 
matter. 

' Takii^ the specific gravity of water as 1, the relative we^ht of 
coarse river-sand is i* 88 ; fine sand, 1*52; day, 1*90; alluvial 
matter from 192 to 272. A cubic foot of water weighs 62*5 lb.; 
of coarse sand, 1x7 5 lb. i fine sand, 95 lb.: clay, 11875 lb.; 
alluvial matter, 120 to 170 lb-: silt, 103 lb.' • 

Motion of Particles of Matter in Suspention. * The matter to be 
transported, being much heavier than the water, will pass from a 
state of suspension to that of deposit when the water in which it is 
contained ceases to be in motion. A solid particle, being of greater 
density than the water, is contmually tending to sink, the time 
occupied beu^ proportionate to its size and specific gravity. The 
particles of water in running streams have, however, a considerable 
upward motion which is sufficient to counteract the downward 
tendency of the solid particles. Thus particles of considerable size 
may remain in suspension for long distances, while the finer particles 
may be altogether prevented from sinking. The motion of water 
in running streams is never uniform, and the relative position of 
the suspended particles is constantly being changed. The direction 
of the particles is altered by the varying form of the bottom onH 
sides, by impediments met with on its course, and by the varying 
velocity of the whole mass due to the friction of the sides and 
bottom, and of the individual particles 0/ water. Continual eddies 
and whirlpools are constantly bring generated, by which a rotary 
motion is given to the water. The particles of matter in suspension 
are carried forward by the velodty of the current, thrown 
upwards by the eddies, and thus kept from sinking to the bottom. 

bed of a river is rarely regular, but consists of a series of pools 
and shoals, which have the eflect of continually altering the direction 
of the particles of water. Even where the bed approaches to a level 
surface it frequently contains a series of ridges, composed of the 
deposit in transit. These ridges have almost invariably a gentle 

» W. H. Wheeler; Tidal Rivers, pp, 59-60. 

• W. H. Wheeler.* IHd., pp. 6i^z. 
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slope on the upper $ide, with & more vertical inclination on the 
downstream side. Even where the material is sand, the down¬ 
stream side often presents an almost vertical face, over which 
the moving particles are rolled These ridges are constantly 
altering their form, due to the changii^ size of the particles rolled 
along, a single pebble often altering the whole shape of the moving 
detritus.’ ^ 

Effect of Alteration in Dimensions of Channel. * If the velocity 
of the stream be checked by a widening of the channel, the motion 
of the water becomes less disturbed, and a portion of the matter 
in suspension is deported, the quantity depending on the variation 
in the velocity of the current. This dep^t reduces the area of 
the channel, and tends to restore the normal velocity. A slight 
Tctardation of the current, however, does not necessarily produce 
a deposit. Increase in depth does not cause depodt in the way 
that increase of width does. The particles of water in the latter 
case, descending on one side of the deep and rising on the other, 
cause a rotary or centrifugal motion in the hollow; the particles 
of matter brought into the depression are rolled round and directed 
upwards, and ultimately carried off by the film of water moving 
above the surface of the pit.' * 

Proportion of Deposit carried. ‘ When the water is highly 
charged with deposit, the greater amotmt will be found at the 
bottom and the least at the surface. When it is undercharged, 
the distribution is more general, the amount at any point being 
determined by the greater or less disturbance of the particles due 
to eddies and whirlpools. In the Rhone delta, where the water 
was very highly charged, the proportion was found to be as lOO 
at the surface to i8$ at the bottom. In the Mississippi, in its 
ordinary condition, the proportion was only 147 to 188. In a 
sandy estuary, where the water was much undercharged, the author 
found the proportion to vary as 8 to 14 and Z2 to 28. 

‘ The power of water to transport solid matter depends on the 
velocity—modified by the depth—which governs the transporting 
power, io two ways: one certain, when, the quantity of water 
being constant, the amount of material carried will vary directly 
as the velocity, and as affected by the time that gravity has to 
act on the particles while travelling a given distance; the other 
uncertain, and due to the increase of eddies and whirling motions 

• W, H..Wheeler; TUaJ Jfivfrs, pp. 64-O3. 

• W. H. Wheeler: p. 63. 
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set up by the increased momentum of the stream. With regard 
to the first, if a given quantity of water carries a given quantity 
of material in suspension, it is obvious that by increasing the pace 
throughout the whole of the channel the quantity of material 
carried must also he increased. It is, however, impossible to lay 
down any rule for the second factor, as it must depend on the 
contour of the channel and the means for setting up the whirlir^ 
or rotary motion that keeps the particles in suspension. 

* The weight of sand and pebbles, when immersed in water, being 
only about half their weight in air, these materials are more easily 
transported by currents of moderate velocity. Sand ot pebbles 
lyii^ on the bottom of a river present an obstade to the free motion 
of the particles of water and check their momentum. They axe 
therefore acted on by the dynamic force of the flowing current in 
addition to the transporting power due to the velocity alone. It 
is to this cause that pebbles and shingle are moved along a beach 
by tidal currents of small velocity, and when aided by the dis* 
turbance caused by waves, stones of very considerable rise are 
brought from deep water and left stranded on the shore. The 
momentum contained in the deep water of the sea, due to the tides 
aided by the current acting on heavy bodies in a partial state of 
flotation, carries these along and lands them in a position from 
which the returning wave has not power to move them. 

* It has been shown that the particles of water of which a running 
stream consists are continually rolling round one another in circular 
orbits, and that the size of these circles depends on the depth of the 
stream. The deeper and wider the stream the less the rotary motion 
is impeded. The smaller the diameter of the orbits described by 
the particles the more disturbed is the condition of the water and 
of the partides of solid materials which it contains, and therefore 
the greater the ability of the water to retain these in suspension, 
and the more the energy expended in rubbing and eroding the 
rides and bottom of the channel. The larger also the diameter of 
the circle through which the particles move the more easily they will 
glide over the surface, and the shallower the water the more direct, 
frequent, and effective will be thrir impulse. The greater agitation 
in which shallow water is kept increases its capacity to hold matter 
in suspension and to erode its bed. The strength of the stream is 
absorbed proportionally in this action, and the velocity accordingly 
dimifiished. This is no doubt the cause why shallow streams 
frequently erode the soil of their beds and banks, while deep water 

Id 
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passes on over Ihe same kind of soil without exercising the same 
efiect.' * 

‘ The material transported by rivers conrista either of alluvial 
matter, clay, sand, or shingle. The first two, owing to the fineness 
of the particles, are easily transported in a state of suspension. 
When sand is disturbed, a certain portion, consisting of the very 
fineet particles, is carried away in suspension, but ail particles 
sufficiently large to be visibly angular, as also shingle, require a 
greater velocity of the current to move them, and thdr transport 
is ejected by being roiled along the bottom. Although clay will 
not yield to such a velocity as generally prevails in navigable rivers, 
if it be disintegrated the particles eerily mix with the Nvater and 
are carried away. Mr Wheeler has found, as the result of observa¬ 
tion and experunent, that the most effective results may be obtained 
by mechanical disintegration and mixing from warp or alluvial 
deposits, then from clay, and the least effect is obtained from sand. 

' The quantity carried in suspension at a given velocity is not 
wholly in proportion to the specific gravity of the material, but 
depends more on the fineness oi the particles. Even in still water 
it will be found that the relative time occupied in settling does not 
vary as the specific gravity of the materials.' ‘ 

Fluctuations in Flow 

Amount of Rainfall. The quantity of rain is referred to in 
Chapter VII, Section 1 . In the case of a large river the amount of 
rainfall will often vary in the different portions of the drainage area; 
e.g. the rainfall affecting the headwaters, and branch streams of the 
upper portion of the river, may be heavy, while that of the drainage 
area of the main portion of the stream may be but light, and vice 
versa. Again, the rainfall over the whole drainage area of head¬ 
waters, branches, and main river may be heavy, when fioods are 
likely to occur if no controlling arrangements exist. 

In cold climates the meiiing snows contribute their accumulated 
deposits when a thaw sets in, and tbig effect ts greatly increased if 
accompanied by rain. 

Amount of Run-off. This is accelerated by frozen, saturated, or 
hard ground, retarded by accumulation in lakes, marshes, swamps, 
or forest land, retarded or diminished by percolation into the ground, 
and diminished by evaporation and transpiration losses. 

* W. H. Wheeler: TiJal Rivgrs, pp, Sj-Aj, 

■ W, H, Wheeler; IM., p. 66. 
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Percolaiipn in the ground depends upon the character of the 
drainage area. Drains areas are referred to in some detail in 
Chapter VII, Section V, but the following points are of spedal 
importance as regards livers:— 

(a) Topographic ^aracter. 

{&) Nature and condition of the soil covering. 

(c) Geological character. 

Topographic charaoier. The slope of the surface is the principal 
characteristic. A steep slope naturally aflords the best oppor* 
tunity for a large run-off, whereas a slight surface slope retards 
the rate of run-off, and, moreover, is usually characterised by 
swamps, marshes, and lakes which hold up the water and afford 
fadlitiea for evaporation. 

Nature oTtd eOTtdiHon of the soil covering. These are often of 
considerable importance. Grass exercises a retarding effect on 
the run-off by delaying the movement of water over its surface 
and preventing erosion; moreover, its dose woven mat of roots 
retards percolation. The dense mass of litter and humus in forest 
lands assists percolation by absorbing a large amount of water, and 
retards the run-off by preserving the surface from erosion. 

The physical condition of the soil also has a considerable effect, 
e.g. hard and frozen ground facilitates nsn-off and saturated ground 
impedes percolation. Cultivated land assists percolation, the 
surface being broken by the plough and the roots of the mops 
opening up the lower layers of the soil. 

Geological character. The nature of the soil covering has been 
referred to above, and the most important point for considera¬ 
tion is the absorptive properties of the underlying soil and rocks. 
The capacity of rocks foe water is described in Chapter VII, 
Section IL The nature of the soils and subsoils is described in 
Chapter XV, and it will suffice here to state that the soil has an 
enormous capacity for absorbing water, and this capacity depends 
upon the amount of free space between the particles of the soil, 
which generally amounts to between 30 and 50 per cent, of the 
volume of the soil, and is greatly affected by the amount of aeration 
of which the soil is capable. The most important feature, how¬ 
ever, is the structural ebaracter of the underlying rocks. If the 
rocks are jointed and fissured or faulted, channels are soon formed 
through the soil and the water passes downwards very rapidly. 

Evapotaiicn and transpiralton losses, or absorption by vegeta- 
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tioQ, also greatly afEeot the rua-oS. These are referred to in 
Chapter Vll, Sectioa I. 


SECTION II. TIDAL RI 7 EE 8 
The PHYSiCAi Condition of Toai. RrvBEs 

Tidal rivers may be divided into three parts: 

X. The freshwater or non-tidal portion. 

z. The pari within the coast-line confned witblc limited 
boundaries, through which the tide ebbs and flows. 

3. The estuary, or the part where the coast-line opens out, 
leaving a wide mouth or bay. 

' There are two sources from which the water flowing in a river 
is d^ved. distinguished respectively as tidal and fresh water. 

' The Udai waUr enters at the lower end. and is derived &om 
the tidal wave of the ocean, which, as its crest passes the mouth 
of the river or its estuary, raises the level of the water during a 
period of a little over six hours, filling the tidal basin and causing 
a run of water up the river; during a similar period, as the trough 
of the tidal wave passes the estuary, the process is reversed. The 
supply of tidal water is thus constant, the same quantity passing 
out of the estuary on the ebb as entered during the flood. 

' The tidal motion continues as a wave so long as the depth of 
water in the low-water channel is sufficient for its generation, but 
is converted into a current as the depth shoals. This supply of 
tidal water from the sea has enabled many rivers to be used for 
navigation which otherwise would not have had the necessary 
depth of water. 

Fresh water, ‘ The water poured in at the upper end of a river 
also comes from the sea, but by a different process. This is due 
to the evaporation caused by the sun, the vapour formed being 
collected into clouds, condensed again, and in the form of rain 
fellin g on the land, and is then collected Into the brooks and 
rivulets which feed the rivers. 

' The supply of fresh water, therefore, is limited, variable, and 
intermittent. This foesh water only travels in one direction. 
Obeying the law of gravity, it ev&: continues a constantly down¬ 
ward course, except during the time it is headed back by the tide, 
undl it reaches the lowest point attainable, that is, the trough of 
the tidal wave. 
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‘ In the middle asone of the river, between the purely tidal and 
the fresh water, the currents assume the oscillating motion due to 
tidal influence. The current alternately flows both ways, being 
driven back and raised up during the fiood tide, and running down 
and its level depressed during the ebb. Under certain eolations 
the action due to the tide may be simply a raising of the level 
without a reversal of the current.' * 

Agents of Maintenance. * There are two principal agents always 
at work in tidal rivers, one tending to shoal and deteriorate the 
channel, the other to maintain and deepen it. 

' The agencies which Und io shwd the channel are the transport* 
ing power of the fresh water, which brings detritus down from 
the upper reaches; the winds and waves, which erode the cliffs 
and banks ; and the currents which disturb the sand*beds in the 
estuary- The material thus brought into the channel, if left at 
rest, rapidly subsides in the lower part and raises its bed. 

‘ The continual oscillation of the water due to the tides is the. 
chief agent which keeps the detritus in motion and prevents its 
deposit. The current of the fresh water, always flowing in one 
direction, is the chief agent of transport which cames the material 
away out of the channel to the sea. Its capacity to transport the 
solid matter continues in a diminishing ratio until the termination 
of its course. As it approaches the tidal portion of the channel, 
the conditions of flow become so altered that the tendency to 
deposit is greater than tbe transporting force. 

‘ Zn a tidal river this solid matter is kept in movement by the 
oscillating action of the tides, until it is finally carried out to sea 
or deposited on the shores of the estuary, where it settles and 
forms the salt marshes to be found on the coast. 

' In non-tidal rivers, as the current slackens on approaching the 
sea, the material settles at its mouth and forms deltas. 

‘ The ever-continuous motion of the water in tidal rivera, and 
the constant reversal of the direction of flow, therefore, give these 
rivers a groat advantage over tideless rivers, in which the current 
of the stream is always in one direction.* * 

Begime of Rivers. ' Under natural conditions, the forces at 
work in a tidal river adjust themselves so as to establish an 
equilibrium between the eroding agency of the current and the 
tenacity of the soil of which the bed and banks are formed, and 

» W. H. Wliealer; TU^ Riv«9s. pp, *14-5. 

» W. K. Wteeto: TMi., p. 117 . 
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the stop6 becomfts so regulated that the velocity is sufident for 
the transport of the detritus. 

' When unconfined by banks, the direction also of the low-water 
channels through beds of sand and silt is the result of a balance 
of forces set up by gales, currents, floods, and other disturbing 
causes. A comparison of the charts of a sandy estuary extending 
over several years will show that, although at times the course of 
the channels may be altered by the prevalence of gales from one 
directicm, of continued land-floods, or of long periods of dry weather, 
giving undue influence either to the tidal- or fresh-water agency, 
yet there is one course, of a more or less stable character, to 
which the low-water channel always reverts under normal con¬ 
ditions,'^ 

Jiuction of Rivers with the Sea. ' The angle of direction in 
which a river the sea is aflected by the shape of the adjoinii^ 
coast, the set of the tide, the direction and force of on-shore gales, 
and the travel of littoral drift. 

‘ An examination of the charts of the coasts of this country will 
show that in the great majority of cases the line of direction of 
the main low-water stream wh^ it enters the sea is nearly at 
right an^es to the main set of the tidal stream along the coast, 
or inclining rather in the direction of the set of the tidal ebb and 
flow.’ * 

Source of Detritus in Rivers. 'Although there may be excep¬ 
tions, the material which a river has to deal with is supplied from 
the interiox, and not from the sea. Even where the tide'flows over 
a vast mass of sands, such as those which lie along the coast outside 
the mouth of the River Mersey and the Kibble, or of the Humber 
and the Severn, it will be found that the tidal water flows into 
those estuaries bright and dear, and free from deposit, except in 
stormy weather, and that it only becomes turbid after it has mixed 
with the ebb.' * 

Effect of obstruetiug the Free Flow of the Tide. ' Any cause 
that obstructs tbe flow of the tidal water and the free propagation 
of the tidal wave is detrimental to the maintenance of a river 
in its most effective condition, and leads to the shoaling of the 
channel. 

’The placing of weirs across tidal rivers, contractions of the 
channel and irregularities in its form, restricted entrances, and 

‘ W. H. Wheeler: Tidal Jtiv9r$, pp. ii7«8. 

^ W, H. IM.. p. iiS. 
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similar cauaes, are destructive to the maintenance of a deef^water 
channel.'^ 


Bars at thr Mouth op Rjvers. 

Description. ' A bar across a tidal river {cf. Chapter I. Section 1) 
may be described as consisting of one or more banks or ridges 
extendij^ across the entrance channel, having deeper water both on 
the seaward and inner sides, and the crest rising above the general 
level of the bottom of the channel adjacent. In non-tidal rivers the 
bar consists of a long flat shoal at the mouth of the river, which 
rises so far above the general level of the bottom of the river, both 
at the outfall and in the channel above the shoals, as to render 
the channel useless for that cf navigation for which otherwise 
it would be fitted. 

* Bars are not common to all rivers. At the mouths of most 
estuaries with sandy bottoms, ridges and depressions siiniiar to 
bars are to be found, but in many cases, owing to the great depth 
of water over them, they cannot be deemed bars. Ln other estuaries 
where well-defined bars exist, the crests of these do not rise above 
the general level of the channel inside, and therefore do not form 
impediments to vessels going up or down the channel.' * 

Bars composed of Hud Material not affected by the Scour of the 
Current. ' These bars consist of a shelf or ridge running across a 
river mouth, consistii^ ^tUer of stone, very hard day, or occasionally 
of large boulders, or shingle cemented together with day. Such 
bars can only be removed by dredging. The effect of the removal 
may be permanent, or the surrounding conditions may be such that 
the hard material may be replaced by sand, and the bar reappear.' * 
Bara doe to the Pepotit of Alluvial Matter. ' These are to be 
found in tideless rivers, or where the rise and fall of the tide is so 
small as practically to render the river non-tidal. 

' In Udal rivers, the ceaseless action of the tides, by which an enor¬ 
mous volume of water is poured into and discharged from the river 
twice every day, not only serves to keep the alluvial matter contained 
in water in suspension, but, by diffusing it throt^hout the whole vol¬ 
ume of the tidal water brought in on the flood, carries the greater part 
of it away on the ebb and deposits it in the deep water of the ocean* 
Jn&non'tideU river the alluvisdmatter brought down the channel con- 

> W. H. Wheeler: Tidal JUvtfs. p, 128. 

• W. H, Wheeler: Ibid,, pp- J 43 - 4 * 

* W, H, Wheeler: Ibid., p. 145. 
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tinuously, and to a very much increased extent is floods, settles at 
the mouth of the river, where the current is checked and the velocity 
is reduced. In time, large deltas are thus formed, through which 
the water from the river finds its way to sea by several shallow 
channels. 

' The large accumolations of sand found in most tidal estuaries 
vary considerably both in their composition and cause of deposit 
from alluvial deltas, and also in the fact that they are in situations 
where there is generally a considerable rise of tide. These sands are 
not continually accreting and forming deposits, but maintain their 
original form and extent in a more or less stable state so long as the 
natural conditions under which they exist r^ain unaltered. In 
the more open sea the accumulations of sand may be drifted along 
the coast durir^ long-continued gales and form casual bars at the 
mouths of the rivers, but this material will be transported away 
when the normal conditions are resumed.' ^ 

Bars at the Mouths of Sandy Bstuaries. * This fonn of bar is 
the type most frequently met vrith. They possess features of a 
most remarkable character, consisting of one or more ridges or 
mounds of material, the particles of which have not the slightest 
coherence, yet stand with a slope mnch steeper than their natural 
angle of repose. Rising in some cases as much as from 40 to 50 
feet above the bottom, they maintain their positions across channels 
subject to a tidal rise of from 20 to 30 feet, through which currents 
run at a rate of from 3 to 4 knots, and the direction of which is 
reversed four times every day. Exposed to the storms and waves 
of the open sea. they are sometimes partly dispersed or added to, 
altering thrir position and shape, yet having a normal condition to 
which they are restored when the disturbing causes cease.' < 

Formation of Sand-bars. ' A tidal bar assumes the form of a ridge, 
having deep water on either ride. The ridge, being once fonned, 
aids its own maintenance. Sand is moved in an estuaiy in a series 
of ripples or ridges, having a long slope on the upper side, or that 
from which the current is coming, and a steep face on the down-side. 
Over this steep face, or tip, the particles of sand are rolled. In a 
tidal channel where the current is continually being reversed, the 
position of this face varies with the direction of the tide. At the foot 
of the ridge a rotary or screwing motion is set up, which whirb the 
particles of material round the bottozoof the hollow, continually tend- 

» W. H, Wheeler; TidiU Rivtrs, pp. 146-7. 

* W. H. Wheeler: Jbii., p. 148. 
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ing toacoar it deeper. The current moving forward along the bottom 
is deflected upwards, and rolls the particles up and over the ridge.' ^ 
Channels where Bars are absent, ' having been once 
formed and subsequently maintained by the action set up by their 
shape, if removed by dredging, are not liable to be re-formed, 
in situations where there is a strong littoral drift and the ebb 
current is not sufficient to keep this out of the channel. The con¬ 
ditions most favourable to the absence of bars are those where 
the estuary assumes a funnel-shaped form, decreasing in width 
and depth from the mouth upwards ; when the momentum of the 
tide is not unduly checked : when there is a free propagation and 
long tidal run ; when the ebb current is so directed as to have a 
prepondering force over the flood in the removal of material; and 
when the outfall rhann**] i^ continued into deep water.' * 

Theories as to Cause of Bars. Mr Wheeler, after discusriug 
various theories in a paper laid before the Institution of Civil 
Engineers, sets forth the following views, which were almost 
unanimously accepted, and may be taken as mainly correct:— 

‘ The existence of tidal bars is due to the action of the sea, and 
not to that of the land water. And the chief foctors in their 
maintenance are tidal currents and ou-shoze gales. 

‘ For their formation it is necessary that the bed of the estuary 
and of the adjacent sea should consist of sand or shingle, and 
that the depth of water should be sufficiently shallow to allow of 
the action of waves and tidal currents on the bed 

' Bars owe their origin and existence to the balance of forces 
which was established when the coast-line and estuary assumed 
their original form. These are forces which have continued to 
operate ever since, and which tend to build up or disperse them. 
The balance of forces originally set up, however, still continues. 

‘ On coasts where there is a travel of material along the shore, it 
is drifted in its course across the opening in the coast-line which 
forms the outlet for the river. The flood-tide, setting through 
this opening into the estuary, tends to carry the material with it; 
the ebb-tide, on the other hand, tends to carry it back and disperse 
it into the deep water of the sea. 

‘ Wherever there is any considerable motion of the water where 
the bottom of the sea is mobile, the material invariably lies in 
ridges, these in some cases being of considerable height. Bars. 

* W. H. Wlic©l®r: TidaJ pp. 151-4, 

• W. H. Wlieeler: /W., p-152- 
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may therefore exist across the mouths of rivers where there is no 
drift along the shore, the sand being thrown up and assuming the 
form of a ridge or ridges, and thus forming a bar by the action of 
the wind, waves, and the tidal current, and bring maintained by 
the action which its form sets up/ ^ 

SEGTIOK in. RIVER IMPROVEldENT SCHEMES 

Works for the improvement of rivers may be undertaken with 
the following objects:— 

(d) Prevention of or mitigation of efiects of inundations. 

(ft) Increasmg the facilities for navigation. 

(c) Land reclamation. 

The methods employed consist of: 

(i) River regulation. 

(s) Dredging. 

(5) Canalisation. 

(4) Construction of a lateral canal. 

(5) Construction of storage reservoirs. 

One or more of these methods may effect more than one of the 
above objects: eg. rivsr rsguiaiion may be primarily undertaken 
with a view to increase the facilities for navigation, and incidentally 
may prevent or mitigate inundations and also effect a certain 
amount of land reclamation. Dredging is usually a more or less 
temporary expedient to improve the &cilities for navigation by 
deepening the channel or removing a bar at the mouth of the river, 
but it will probably have a considerable effect in mitigating inunda¬ 
tions. CaTtaiisaitQn, by dividing the river into pools of water with 
a slight slope and abrupt’ vertical drops at the locks, is really a 
more elaborate method of river regulation. The construction of a 
laUrai canal is likely to prevent or mitigate the effects of inundation 
as well as afiording improved facilities for navigation. The con¬ 
struction of storage reservoirs is often undertaken with the double 
object of providing a supply of water for domestic and other purposes 
and preventii^ imuidations—the storage reservoirs acting in a 
manner rimilar to lakes in the course oi rivers (<:/. Chapter ’VII, 
Section’V). 

River engineering is such an important branch of the engineer’s 
profession requiriog spedal study that it cannot be adequately 

* W. H. Wheeler: Tidal pp, X56-7. 
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treated h«re, and the reader is referred to Wheeler's Tided 
Rivm, Vernon Harconrt's Rivers and CanaU and article on ' River 
Engineering ’ in Encyd^adia Britannica. Van Omnm's Re^a- 
turn of Rivers, etc., etc. A few of the more important geological 
conuderations are, however, touched on below. 

The REGuiAnoN op Rivers 
Regulation may be efiected by: 

(а] Diminishing and controlling the i!ood waters. 

(б) Straighte ning and controlling the river chaimeL 

Flood Waters. The rise of a river in time of floods depends 
chiefly on the amount of rainfall and its distribution over the 
drainage area of the river, but it is largely affected by the nature 
of the straita in the river basin as well as by the nature of the river 
bed. As a general rule the hilly districts in which a river talces its 
rise are formed of impermeable strata with comparatively little 
vegetation; when the rainfall in these districts is heavy, the water 
flowing rapidly down the steep slopes of (he upper branches causes 
floods in their lower portions where the slope is less, and carries 
with it a large amount of solid matter which is precipitated where 
the current is slower. Where the river bed is composed of hard rod; 
very little erosion occurs, but where the bed is soft it is eroded by the 
strong current charged with soHds during floods, while in normal 
times the current is insufficient to produce erosion and alluvium 
is deposited. Ail this alluvium tends to obstruct the current. 

The main river is usually flattened, and in the lower reaches the 
current is easily deflected by comers formed of harder material 
or by any chance obstruction, and its course becomes more and 
more winding, the current impinging on the convex portions and 
corners being deflected against the concave sides of the bends and 
eroding them more and more. This is especially the case in the 
alluvial plains formed by former floods, where the course of the 
river sometimes becomes exceedingly sinuous. 

Oeological Survey. The first step to be taken by the engineer 
who attempts to diminish and control the flood waters is to m ake 
a careful geological survey of the drainage area 
There is often a close cotmection between the geology of the 
watershed and the amount of flow of the river. 

In some rivers which drain a more or less impervions basin 
{e.g. clay) the dry weather flow is very small, or even nothing at 
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all, whereas donng rainy pericKls there may be a very considerable 
flow. In such cases the flow also depends on the state of the 
weather; if evaporation is rapid as in the summer, the flow will 
be at a minimum, whereas in the winter when evaporation is very 
slow the river will be greater, thereby causing floods in the upper 
reaches. 

In the case of a more or less pervious basin {e^. chalk) some 
rivers have been found to discharge in the middle of summer as 
much as half the average annual rainfall, indicating that the river 
is fed by springs, resulting in a more uniform discharge throughout 
the year. 

It is possible that in this connection the river may be supplied 
with water from out^de its surface gathering ground ; it may be 
fed from some other catchment which to the eye has no connection 
whatever with the river but is linked with it by the geological 
strata. 

Geological Formation of River Bed. * It may be remarked that 
when the bed of the river consists of silts, sands, gravels, and other 
drift material, there is, generally speaking, little difflculty in deepen¬ 
ing by dredging. Not infrequently, however, these superficial 
matters overlie and mask dykes and ledges of rock which cross the 
channel, and then these require subaqueous blasting and more 
exp>en$ive methods of removal. 

' A careful survey of the country will generally reveal where such 
obstructions are likely to occur, and the methods of removal may be 
suggested by a study of their structure above ground. In the case 
of the Wear, for instance, which in its lower course flows over 
the Magnesian limestone, harder dolomitic ledges may prove the 
obstruction to dred^ng; in the Tyne, it may be harder strata of 
Carboniferous sandstone : in the Tees, Triassic sandstones; and 
in the Qyde, it may be a dyke or dykes of columnar greenstone 
which reticulate the rocks in that area.' ^ 

^ David Page: Stanoiw 
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CHAPTER XIII 
COAST EROSION 


Tas action of the sea, and the effects produced by it in denuding 
and reconstructing coast-lines, have been briefly referred to in 
Chapter I, Section I. Coast erosion is, however, a subject of so 
much importance to landowners and engineers, that the geologist 
and the engineer must again work together, 

SECTlOir I. C 0 A 5 T-LIKE 5 
Origin 

In dealii^ with the subject of coast erosion we must first consider 
how the existing coast-lines origmated. 

Outline. Every coast has its own particular outline^its curves 
and indentations at some parts, its straight lines at other parts, 
are not accidental; for the forces which cause islands to be raised 
above sea-level also determine the main outlines of the coast. 

Indentations and promontories, bays and water channels, may be 
due to old river<ourse$, to the action of rain, or to the nature of 
the rocks. Coast-lines have often been changed owing to aust 
movements. 

Influence of Crust Mcvemeate (Dlastrophism). Elevation and 
subsidence of land are referred to in Chapter I, Section II. The 
form of the coast sometimes indicates that wpUfi has taken place. 
Uplift, if widespread, will raise part of the continental shelf 
above the sea, with the result that the land is hinged by a coastal 
p lain In this case the outline of the coast will be regular and 
free Rom indentations, and on the shor^ide of the coastal plain 
there will often be a sudden rise, or even a cliff, which marks the 
old position of the shore-line. 

Again, the form of the coast may indicate that subsidence has 
taken place, Inlets, often with branches running inwards, show 
that t:^ sea has entered the valleys. Each such inlet will be 
marked by a stream or river, and will be directly connected to the 
valleys. Such an indented outline is an indication that subsidence 

SIS 
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has taken place, and U well seen on the Essex coast and in the 

vrest of Scotland. 

Changas in cosst-Ums which are due to cnist movements may be 
undeistood by stud3dng the contours on a map of hilly country 
and imagining the sea to cover the land to such an extent as to 
leave nothing but a few islands, and then imagining the water to 
sink till the islands are all joined together so as to form large areas 
of land. 

Upli/l of land produces the same results—the coasMines changing 
as the land rises. 

Saa cliffs are formed by the wearii^ action of the tides [cf.' Work 
of the Sea/ Chapter I, Section I). This action is accentuated when 
the rocks are inclined {cf. ‘Dip/ Chapter II, Section II), as they 
are then more easily undermined and abraded. Inland cliffs and 
terraces at successive heights have been formed in this way. 

Minor trregularides. While the larger horizontal irregularities of 
the coast are chiefly due to crust movements, minor irregularities, 
such as bays and inlets, capes and headlands, ree^ and islands, are 
chiefly due to the action of the waves dependent on the nature, 
structure, and arrangement of rocks on the coast-line. 

The existence of these minor features is only intelligible by help 
of a knowledge of the ways in which the several geological forma¬ 
tions which i^e up the dry land have been accumulated, folded, 
and epheaved, so that the edges of strata arc exposed on the shores 
where land rises out of the sea. 

These minor irregularities consist primarily of projcciions of the 
land into the sea, or of the sea into the land, some of which, such 
as inlets and headlands, are more or less generally normal to the 
general trend of the coast, while others, such as reefs and bars, 
axe more or less parallel with it. The irregularities are generally 
either angular or curved in outline. Angular outlines are generally 
due to marine erosion alone, while curved outlines are nsually 
caused by a combination of shore deposition or littoral drift with 
marine erosion. 

Sesdianis. That the formation of headlands is dne to geological 
causes is seen at Flamborongh Head, Beacby Head, N. and S. 
Foreland, The Needles and Culver Clifi in the Isle of Wight. 
These headlands all consist of chalk which cannot be disintegrated 
by marine ero^on, but can only be dissolved by the chemical action 
of water. It is, consequently, more enduring than the under¬ 
lying and overlying sands and clays, and being a thick formation 
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and prot«ct«d by a barrier of flints on the fbresbore, it forms a 
headland on each side of which bays have been formed by tidal 
action, Sandown and Compton Bays. 

Where the strata have been bent into synclinal folds {cj. 
Giapter I, Section I) part of which is below sea-level, inlets have 
been formed, tbe Thames estuary and Southampton water. 

PHYSIOCRAPaiCAl, AND GbOI-OGICAI COHSiDBRATIONS 

Changes in BelaUve Level of Land and Sea, The coast-line 
of Great Britain afiords ample proof that emergence and sub¬ 
mergence of land have taken pUce in recent geological tunes, 
and it is generally agreed that these changes are due to crust 
movements (see above). 

Raiitd bSAchss or SirandMms are platforms, or terraces, formed 
in rock or gravel at sites which are often at successive h^hts 
above present sea-level These mark tbe coast-hnes of ancient 
shores. Behind them old sea cH5s are often found in exposed 
places, as well as caves worn by sea-water. 

Raised beaches often may be identified by shells of marine 
organisms, and may be observed in the west of Scotland, in many 
European countries, and in Malaya. Australia, and Siberia. 

Movements resulting in SMbmtrgtnc4 are evinced by the drowning 
of the seaward ends of land valleys (c/. ‘ Influence of Crust Move¬ 
ments ’ above), and by the buried land surfaces along our coasts, 
where stone implements and bone needles, etc., have been exposed 
by excavations at or near Swansea and Southampton. 

Sitbmtrged foresis and beds of peat occur both on tbe east and 
west coasts of England, but there is little or no evidence that 
changes in the relative levels of land and sea are now in progress 
in Great Britain. 

Evidences of of land are found in the south of Sweden, 

in Holland, Belgium, and on the west coast of Greenland. 

The effect of the nature, structure, and arrangement of rocks on 
the coast-line, in the problem of coast erosion, is described in 
Section IV. but it may be remarked here that on the coasts of 
England and Wales there is a great variety of rocks which frequently 
change from one class of rock to another, granite and other 
igneous rocks, as well as the hard shales and slates of the Cambrian, 
Silurian, and Devonian; sands and sandstones of the Old Red 
Sandstone, Trias and Upper Greensand; thick days of the 
Jurassic and London day; various beds of the Cretaceous, and 
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notably th« n^aik ; sands, gavels, loams, and clays of the Drift; 
silts and peats of Alluvial beds; sheets and strips of shingle, and 
vind-blown sands. 

Many of these rocks are clit'formers. In dip, conformabUity 
[of. Chapter II), and relation to one another the beds vaiy. to a 
large extent. Hence the study of our coasMine is not easy. 

In the north and west of England and Wales, and in Scotland and 
Ireland, the older and harder formations predominate, as well as 
masses of igneous rocks. These rocks being more durable than 
(boss which lie to the south and east, the rivers which flow to the 
east have larger drainage areas than those which flow westwards. 

SBOTION n. rOEOSE ACTING ON COAST 

The forces acting on the coa$t*line are: 

(e) Sub-aeiul agents. 

{b) Clifi detritus. 

(c) Action of the sea (see Section III). 

SUB'ASRIAt A5BNTS 

Sub'aerial Agents (see Chapter I) are aii, rain, running water, 
frost and ice, pleuts and animals. To these may be added u^de^ 
ground water. These agents are of great importance on many 
parts of the coast, especially where the rocks are soft and yielding 
(see Sections III and IV), causing the clifls to dirintegrate and 
producing large quantities of detritus. Sub-aerial agents act most 
strongly on the coast, because there is a free margin and the sea 
takes away the refuse. 

Waisr. The streams and rivers, which conduct the 
natoral drainage of the land to the sea, have a considerable influence 
on the problem of coast erosion. They carry large quantities of 
sediment out to sea, and thus may furnish material which is the 
chief implement used by the waves in their eroding action. They 
also form alluvial flats (see Section IV) and deltas {cf. Chapter I, 
Section I.' Work of Running Water '). 

Underground WaUr. Land springs are referred to in Section IV. 

Cuff Detritus 

Littoral Deposits (vide 'Work of the Sea-'^ceanic Deposits,' 
Chapter I, Sectiou I) come under the head of XerrigeDOus Deposits, 
and consist of boulders, shingle or pebbles, gravels, sands, and 
other coarse or fine materials. 
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Sources of Beacii HaCerisl. AJjnost dl beach material is dmvsd 
from the land, the greater part from erosion of the cliffs, a smaller 
part abrasion of the foreshore, while a very small amount is 
broi^ht down by rivers and streams. 

The amount of material derived from the sea bed practically 
negli^ble, but it is possible that a little may be due to scour of the 
sea bed in heavy gales, and some may be floated ashore by sea¬ 
weed attached to it. 

By far the greater part of the detritus from cliffs is carried 
cut below low-water mark, while some is deposited on the shore. 
Their relative proportions cannot be estimated at all easily. Some 
$0 per cent, of chalk is carried away at once, while rock, gravel, 
and day cliffs yield from 20 to 30 per cent., but on the whole not 
more than 20 per cent, remains above low-water mark for long. 

Some of this detritus ia carried alongshore by the action of tides, 
waves, and winds, and is known as littoral drift. It has a powerful 
abrading effect on all submerged rocks, islands, and headlands, 
and becomes worn down into smaller pieces or grains. The lighter 
particles remain in suspension and are mostly carried out to sea, 
but some And their way back to the shore. The heavier particles 
are carried out to sea. The action of the moving sands and shingle 
is similar to that of the moving detritus in a river bed (r/. ' The 
Transporting Power of Water,' Chapter XII, Section I). 

River Detritus. In addition to the material derived from the 
cliffs, a large amount of detritus is brought down by rivers and 
streams. Where it is discharged into the head of a bay or inlet, 
it is spread out on the shore until it forms alluvial flats and deltas, 
and may All up considerable areas which are thus reclaimed from 
the sea {cf. Chapter XIV, Section II). 

If a river or stream drops its load of detritus in the open sea. 
much of the detritus Is moved by alongshore currents, as noted 
above, and either deposited in the sea or spread out cn some 
distant beach. 

Nature of Beach Acciunulations. The nature of the materials 
accumulated on the shore depends chiefly on the nature of the rocks 
composing the cliffs, but also on the material brought there by 
littoral drift. 

The sand usually consists chiefly of quartz grains, though frag¬ 
ments of other rocks and minerals may be present, and marine shells 
are not uncommon. 

The deposits, though often distributed irregularly, generally 

1 $ 
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show a tendcDcy to airaxge themselves according to ihdr degree 
of coarseness and their specific gravity. 

Shingle and the heavier detritus are usually found between the 
high-water marks of spring and neap tides, but often extend beyond 
these limits. When the shingle, etc., are considerable in amount 
and free sand, they often fotm ridges or ’ fulls ' sloping towards 
the sea, at the upper portion of the limits mentioned above. A 
mixture of sand with the shingle causes the latter to spread more 
evenly. 

The pebbles vary in size and shape^fiat ovoids axe common. 
The larger pebbles are thrown highest up the beach. The material 
becomes finer and the slope easier towards the sea. 

Stmdy biichu sloping gently towards the sea occur where there 
are no clifis, and in sheltered bays, while coarse shingle is found in 
bays, inlets, etc., on exposed shores, and muddy fiats are brought 
to view, at low water, in estuaries and where streams debouch. 

Littoral Drift is the travel of loose material close to the shore, 
caused by alongshore currents. 2t usually follows the direction of 
the tides, and is generally confined to Che material lying between 
tide*marks, but may include some material below low-water mark, 

Its movement alongshore is generally in a definite direction, which 
may be that of the flood tide, but is lugely infiuenced by the direct 
tion of the wind. It is intensified in galu and may be increased 
by tidal action, and the contour of the coast has a very considerable 
effect. 

Efficl of Coat Contour, When the coast-line is straight, the 
direction of travel of beach material coincides with the direction of 
the flood tide, subject to considerations mentioned above, but when 
the coast is broken into bays and inlets, outlets of streams and rivers, 
or obstructed by artificial harbours, piers, or groynes, the move¬ 
ment of the drift is stopped by the headlands or other obstructions. 

At the mouths of $ituorUs the movement of the drift is often 
complicated, depending on the strength of the tide and the force 
of the stream; sometimes it is carried out to sea by the strong 
cuirent when the tide is flowing out with the stream, or it may 
drift up the margin of the estuary as in the River Wyre, where the 
shingle drifts as far as Fleetwood. 

When the current is too weak to stop the movement of the drift, 
a bar may be formed. 

The littoral drift may affect the drainage of the land by altering 
the portion of the mouths of rivers or streams, or even closing them. 
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the mouth of the River Aide near Aldeburgh in SuHolk ba$ 
been gradually deflected further and further to the south, and at 
Shorehajn the mouth of the River Adur has been deflected to the 
east. 

Effects of Tide and Wind. * The relative effects of tide and wind 
on the condition of a foreshore are matters about which there 
exists much diversity of opinion, but there is little doubt that the 
prevailing drift is primarily and chiefly due to tidal action, although 
in heavy weather the direction of drift may be for a time entirely 
changed. During stroi^ winds in a direction contrary to the 
trend of the tide, the normal travel of the drift may be nullifled. 
and even reversed for a time. The accumulation of material on a 
foreshore is primarily due to tidal action in calm weather. A beach 
which has been seriously depleted during a long spell of heavy 
weather almost invariably mzkt$ up again, at any rate to a partid 
extent, on the occurrence of calm sea and cessation of wind. This 
replenishing is due to the return of a portion of the material 
previously drawn down into shallow water immediately below the 
low-water mark. That part which has been precipitated into the 
deep sea is, however, lost so far as the foreshore is concerned. 
Generally speaking, direct on-sbore gales result in the drawing down 
of the beach material, and its gravitation towards the deep sea. 
Ofl-sbore winds, on the other hand, frequently lead to the accumula¬ 
tion of material on a foreshore.' ‘ 

Organic Actxok 

Removal of Material from the Foreshore. The removal of shii^le. 
etc., from the beach by landowners, builders, or local authorities, 
for building or road-makii^ purposes, contributes to coast erosion 
in cases where the shingle, etc., has a normally protective effect. 

Drainage. If land drains are allowed to discharge on the face of 
the cliff the rate of coast erosion is accelerated, particularly when 
the cliff is composed of incoherent materials, such as on the 
Holdeiness coast. 

Used for Co-ordina^on In Coast Defence Works. It is important 
that defence works at one part of the coast should not have a bad 
effect on other parts; heuce the need for a co-ordinating authority. 

Bock-horing Orgaoisms. Erosion below low-water mark is often 
aided by the action of rock-borii^ organisms. s.g. on the coast 
between Brighton and Newhaven, and at Selsey Bill. The most 
I TSa EnftnMT, April 1906; ‘Coast Brosioa and ReclaoiAttoo.' 
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destructive of these orgaaisms are spooges, e.g. Cliona ; moliuacs, 
e g. Pholas. the action of which is mechanical, and which make 
larger holes than any other organism; and Saxicava, which act 
chiedy on chalk and limestone rocks. 

Plants. The e^ect of Marrum and other grasses, etc., on preserv¬ 
ing sand-dunes (see also Section IV), and of marine algs on encrust¬ 
ing rocks and forming submarine sheets of limestone, is referred to 
in Chapter I, Section 1 . 

SECTION ni. MABINE EROSION 

The work of the sea is briehy described lo Chapter I, Section V. 
Uarine erosion is mainly due to the action of waves, tides, and 
currents combined, though wave-action is the dominant factor. 

Waves 

' Sea waves are of two kinds, forced and free; the former exist 
only during the continuance of the wind causing them, but the 
latter continue to run for some time after the wind has subsided.' ^ 

Free Waves. ' Mr Hunt gives the following very concise defini¬ 
tion of the character of oscillating, or free waves, as being that 
generally accepted 

*" Such swells are composed of ridges above and depressions 
below the level of repose of the water. 

' " They impart to a particle of water itself, or to a light floating 
object, a circular motion. Such particle describes the circle with 
uniform velocity, and in the direction of the motion of the wave 
itself. 

*" The diameter of the circle is equal to the height of the wave 
from trough to crest. 

*" From the drculer motion of the particle it follows that, when 
above the level of repose, it is moving forwards ; when below that 
level, moving backwards. In other words, the water composing 
the crest of the wave is moving forwards; the water composing 
the trough is moving backwards." 

' The trough always precedes the crest in point of sequence. In 
this movement or oscUlatioo it must be clearly kept in mind that 
there is no alteration in the position of a particle of water relative 
to the bottom aAer the wave has passed by; it is left in the same 
position in which the wave found it, having merely performed a 
circular oscillation in a vertical plane. 

* Owem end Csm: Coast Eresi^ and Fonshort ProiMwn. p. g. 



COAST EROSION 


29d 


' It is most difficult to rid the mind of the impression of an 
actual shoreward movement of the water Itself when watching 
from a pier or clifi a series of these waves rolUa| in, and the remark¬ 
able way in which they retain lh«r individuality. The motion of 
the water particles corresponds closely to that of a point in a long 
tope which is kept stretched out while one end is oscillated quickly 
up and down ; a series of waves Is seen to traverse the rope from 
end to end, but the rope itself is not drawn to either end. 

' These waves are called “ waves of oscillation ” or " free waves," 
but there is another type of wave called a oj Iruttslalion, in 
which the water is actually permanently displaced by the wave; 
this type, however, will be dealt with later on. 

' The oscillation of the particles of water, duo to a wave of the 
first type, extends downwards through the water, the particles 



Fio. 43. OsciUetloii of particles of water. 


revolving in smaller and smaller circles as the distance from the 
surface increases, until eventually the movement dies away (see 
fig, 43). It is, therefore, only a surface skin of the ocean w^ch is 
disturbed by waves, but what the thickness of the layer is, is still 
open to dispute. It has. however, been proved that the oscillation 
in deep water decreases in amplitude in geometrical pregres^on as 
the depth below the surface increases in arithmetical progression.’ ^ 
Waves of Translation. ' As tiee wavea approach the shore they 
become more or less waves of translation, and the orbits of the 
water particles are not closed ; the particles travel in orbits in a 
vertical plane, but do not quite return to the startup point. The 
velocity of the undulation or wave form is relatively rapid compared 
with the forward movement of water, which is slow and rhythmic, 
so the excess of forward movement over seaward decreases as we 
move seaward firom the land margin and the depth increases. As 
the waves continue to roll into shallower water, their velocity and 
wave length are diminished and their height is increased; thus the 
waves are crowded together near the shore.' * 

' 0*eiis Case: Coast Ensien and FsrssAars FrcUctiOH, pp. 9>io. 

* Oweas sad Case: IHd~, p. 13. 
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* Forced W&roa, oven in deep water, are not true oscillations; 
there is always a slight forward movement of the water as well as 
of the wave form, the former being relatively slow compared with 
the latter. Stich translatory movement of the water tends to 
generate a surface drift with the wind. The relative amount of 
horizontal and vertical motion of the water due to a wave depends 
on the depth of the particle below the surface, and the total depth 
of water compared with the wave length. Where the water is 
deep, compared with the wave length, the horizontal and vertical 
movements are nearly equal, and their amplitude diminishes in 
geometrical progression as the depth increases in arithmetical 
progression/^ 

' does to the breaker Uns the nature of the motion of the particles 
is very difierent, the horizontal motion being nearly as great on the 
bottom as on the surface. 

* Whenever there is any forward movement of water, caused by 
waves of translation, there must be a compensatory seaward current 
to remove the water brought shorewards by the waves. This 
probably exists in the form of an undtr-tow. the transporting power 
of which may be very powerful in shallow water, but decreases as 
the depth and distance from land increases.’ 

Bremen. ' When the wave rolling shoreward eventually plunges 
or breaks, its action becomes entirely changed. 

' The action of such waves when breaking on a beach has been 
usefully divided into three separate parts or phases: 

' (t) The plunge/* or act of breaking. 

* (a) The uprush " of water shoreward after the plunge. 

* (3) The ** backwuh," or return seawards of this water. 

* It is obvious that the plunge must violently stir up the bottom, 
and throw fine matter, such as sand, into suspension in the water; 
the uprush *' following immediately upon the plunge, 'therefore, 
starts highly charged with suspended matter, assuming sand to be 
present, or, if only shingle is present, a violent shoreward impact is 
transmitted to the pebbles. The current then carries this matter 
up the gradient shorewards; but on the water reaching its highest 
point, the velocity has died away, and there is a consequent deposit 
i«>n 0/ maimal, which is left behind by the " backwash," since it 
has no such violent start to help it as the " uprush,” but simply 
starts from rest. This action of the breaking wave is one of the 

‘ Owoiis aad CaM; Coa»t Bronon end PeratAort PreUetien, pp. X 3 ' 24 . 

* Oweas M)d Case: Ibid., p, 14. 
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most complicated we have to consider. There is always a tendency 
for a balance to be attained between the relative transporting power 
of the “ uprash ” and " backwash." Obviously, conadering the 
waves alone, and assumir^ them to strike parallel to the shore, the 
quantity of material carried by each determines the question as 
to whether erosion or accumulation is going on. The amount of 
matter carried up by the " uprush " tends to build up a gradient 
such that the help given to the " backwash " by gravity will counter* 
balance the help given to the " uprush " by the pluz^e.'' 

Percolation, ' or the sfnkii^ away of the water through the 
interstices of the shore material, is a very important fector, and 
on shingle shores the force of the backwash may be much diminished. 
Gravity, however, is the controlling factor, and shores tend to 
assume an inclination of repose near H.W.M. such that the shore¬ 
ward wash and backwash act with equal effect.' > 

Overta^g of One Wave by Another. * It will be noticed that 
this analysis of the action of the breaking wave assumes that the 
wave, when it breaks, has time to complete its cycle before it is 
interfered with by the foUowii^ wave. This is not always the 
case, and if the waves strike the shore at such frequent intervals 
that the “ backwash " of one is met by the " uprush” of the 
following wave, a very peculiar state of affairs is produced. At 
first sight one would say, here is a case where there must be a 
great accumulation going on, since the " backwash ” is met in 
this way by the " uprush,” and its scourii^ action presumably 
destroyed; but no, this is a most deceptive appearance, and is 
not borne out by closer observation, for ixistead of the checking of 
the ” back-wash ” by the water of the incoming wave, it simply 
gUdes up over the surface of the " backwash,” thus completely 
reversing our first conclusion; for here we have an undercurrent 
flowing seaward, and on the top of it a landward current. It is 
thus obvious that the landward current cannot pick up any material 
from the bottom, and some of what It may already have in 
suspension will be robbed from it by the down-flowing under- 
cunent. This overtaking of one wave by another is very common, 
and results sometimes from a crowding of the waves on to each 
other by an on-shore wdnd. Of course, it depends also to a great 
ejctent upon the gradient of the shore, or any cause which is capable 
of increasing the frequency of the waves, so that the intervals 

> Owetu and Caae: CMsi Erosion and Foresft^t ProUaion, pp. 14-15. 

* Ow«us aad Caie; Ibid., p. 15. 
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between them &xt less than the time taken for a wave (o go through 
its complete cycle of “plunge," " upnish/' and “backwash." 
The surf seen during on-shore gales is a further development of the 
same thing, all system being destroyed and the whole sea covered 
by a mass of broken foaming water.' ‘ 

Direction of Waves. ' In the above consideration it has been 
assumed that the waves strike the shore approximately at right 
angles to the sbore^line, the waves themselves being parallel to 
the shore-line. 

’ Waves roiling in from the open sea tend to approach the shore 
parallel to the general coast-line, for the shorewarii end of a wave, 
on entering shallow water, is more retarded than the seaward end 
in deeper water, and the line of the wave is thus swung round. The 
angle at which ocean waves strike the shore, therefore, depends 
partly on the gradient of the adjoining sea-bottom. The gradient 
bu also an important influence upon the amount of material 
travelling: the flatter the gradient the less material will bo moved 
per unit area, although in the aggregate more material may be 
moved on a flat shore than on a steep one, owing to the greater 
surface exposed to wave and current action. 

' Waves generated near shore may run very obliquely to the 
cout-line; and we sometimes have two or more sets running at 
the same time in diflerent directions. In shallow water the crests 
of these sets of waves may break where they cross, and exert 
a force which is the resultant of that which either would exert 
alone ; for the depth of water in which waves break depends upon 
the height of their crests.' * 

Oblique Waves. ' In whatever way produced, the action of 
oblique waves is very peculiar, and will best be understood by 


0 



reference to flg. 44, where a, 6, c, d, a are supposed to be such waves, 
the dotted line representing the shore-line. 

' When these vraves break, the “ uprush ” does not travel straight 

* Owens and Casa: CoMl Srosion und Fortskou pp. 25->ie. 

* Ow«ns 4Dd Case: Jbii,, p. z6. 
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up the ehore, but at an angle, nor does the "backwash ” return 
straight down. The velocity of the " uprush " may be considered 
as the resultant of two components—one at right angles to, and 
one aloi^, the shore. Now, when the wash of the wave travels up 
the beach, the velocity at right smgioa to the shore is destro3'ed 
gradually by grawty, but the other component is unaflected, 
except by friction, the result being that a particle of sand taken 
from any point P is carried up in a curved path to 0 , and down 
again to X, if not deposited, the final result being a movement of 
the particle alongshore from P to X. Hence these oblique waves 
cause a travel of material aloi^shore in the direction towards 
which they are inclined, or, in other words, in the direction of the 
wind, the individual path of each particle beu^ approximately 
parabolic, such as is described by a projectile thrown at an angle 
into the air. The return path from 0 to X will, however, be 
somewhat steeper than the path from P to 0 , owing to the retarding 
effect of friction upon the horizontal component of the motion of 
the water particles. 

' If the moving power of the " shoreward-wash " and “ back¬ 
wash " are not equal, the resulting movement due to oblique wave 
action may be either landward and alongshore, or seaward and 
alongshore. The more oblique the impact of breakers is on the 
coast-line, the more powerful U the alongshore drift. 

‘ We thus see that the direction of wave impact is an important 
factor in the movement of material by wave action. This in its 
turn is governed by the aspect of the shore, its exposure, and the 
direction of the prevalent wind. 

' The blows of large waves exert great disintegrating force on the 
shore material, and this is especially so when the forward motion 
of tianslatory waves is suddenly checked. There is no true wave 
stroke at levels lower than the troughs, and the most efficient 
impact of the waves is limited to levels between trough and crest. 

' In considering the coastal movement of material, it is important 
to keep in view the fact that the power of waves to move ji^rticles 
on the bottom decreases rapidly as the depth of the water and 
the distance frcm the land increases.' ^ 

Tidal Action 

'This may be considered under two headings: (i)The effect of 
the slow rise and fall of the water-level, and consequent travel of 
> Owens and Case: Ccasl Srosi^ and Fortshors pp. 20>id. 
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the water’s edge up and down the foreshore; (a) the effect of 
cuirents and eddies set up, owing to differences of water-level and 
the reaction of the land upon the tidal wave.' 

Slow Else and Fall. ’ We may dismiss the slow landward and 
seaward currenl as being too slight to have any effect in moving 
material unless the very finest suspended matter, There is another 
effect which is due to the travel up and down of the breaking point 
of the waves, and this is most important, as whatever action is going 
on at the time, due to the breaking waves, is applied successively 
to different parts of the foreshore, between H.W.M, and L.W.M., 
whether it be erosive or the reverse. If the tide rose and fell at a 
uniform rate, the result would be to plane out a uniform gradient 
between the breaking points of the waves at H. and L.W.; but this 
U not so. since the rate of rise or fall is very much faster at about 
half-tide level than at either H. or L.W.; hence the planing action 
is applied longer to the parts of the foreshore about these points than 
about mean sea-level, and whatever erosive or accunulative effect is 
being produced by the waves, is most marked just below H.W.M. 
and just above L. W.M. The bearing of this consideration upon the 
length of groynes is obvious, as it indicates that they should extend 
from aiwve H.W.M. to below L.W.M, 

' When parallel waves are eroding the shore, the above con¬ 
sideration shows that the result will be to cut out a section of 
foreshore something like that shown in fig. 45, hollows being 



Fie. 4 $, Ero$ioo by panllel w«v«s. 


dredged as seen, and corresponding hills or bars produced seaward 
of each hollow; whereas, if the waves were accumulating, this 
effect would be reversed, hills taking the place of the hollows, 
and vice versa.' ^ 

Tidal Currents. ’ The chief effect of tidal currents is probably 
to transport material already suspended or disturbed by wave 
action. Except where concentrated by narrow straits, etc., they 
are not usually sufficiently swifr to move coarse material of them¬ 
selves. These currents are, however, most efficient in carrying 
away matter suspended by wave action, or eddies due to a very 


> Owens and Cass; Cca«l ErMan and Foreshore Pyolaetion, p. 23. 
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rough bottom; and thdr preponderating effect, in deterroining the 
direction in which fine material eroded from the coast is transported, 
is shown very clearly by the great tendency for sandpits at the lee 
of headlands to point in the direction of the fiood-tide and not in 
the direction of prevailing winds.' ^ 

Joint Action of Wavbs and Currents 
Uorement of Material, ' The combined action of waves and 
currents may cause the movement of material on the sea^bed when 
either alone might not be able to do so. If, for example, the linear 
oscillation on the bottom, due to wave action, is taking place while 


l>tr6di^n> of Cwrt/}b 



Pic. 46. loint action of waves and currants. 


a tidal current is fiowing alongshore, this oscillation must become 
a eigzag, each oscillation beii^ deflected by the current; so that 
the path of the particles on the bottom results in an alongshore 
movement, something like that due to the oblique wave action 
previously referred to, and as shown in fig. 46.* ^ 

WlND-?0RM6D CURRENTS 

Effect of Wind. ‘ We have seen that in the case of forced waves, 
running in before the wind, there is a forward transUtory move¬ 
ment of water as well as of the wave form. This slow, rhythmical 
advance of the water is an important element of the wind-formed 
current- The velocity of this translatory movement of water 
decreases foom the surface downwards. When the wind commences 
to blow, the upper layers of water are drifted with the wind. This 
forward movement is gradually propagated to the lower layers, and, 
if the wind continues, eventually produces a movement of the whole 
body of water, if not too deep, 

' The surface velocity of a current formed in this way i$ always 
less than the velocity of the wind causing it, and seldom exceeds 
one mile per hour. In shallow water near shore these currents are 
an effective means of transporting material. 

* Oweas aod Caae: Coast Pforim and Fortshon ProUchon. p. 9 $. 
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' When the surface drift moves a^inst an obstacle, such as an 
island, or when its fiei onward passage is in any way partially 
obstructed, relief streams are set up. the velocity of which may be 
very great.’' 

IJndercurrents. ’ An example of this efiect is seen in the case 
of a wind blowing directly on-shore. This causes a surface cuneot 
landwards, which is compensated for by a lateral or undercurrent 
seawards. It is an observed fact that on'Shore winds denude a 
shore by removing material seawards: similarly, under certain 
circumstances, an oS-shore wind may cause a sur^ce current sea¬ 
wards, which is compensated for by an undercurrent landwards. 

' Of'Shore winds are never so ^active in causing currents near 
the shore as on-shore winds, owing to the shelter of the land, ^ce 
the strength of the current depends to a great extent on the fetch 
or distance which the wind blows across open water. The nndeidrift 
landwards will have little transporting power and will probably 
extend only a short distance from the land,’ * 

Alongshore Ouxrenbs. ' It is seldom that a wind blows directly 
00- or oH-sbore. and. owing to irregularities of coast-line, it is always 
more or less oblique to some part of the coast. Any obliquity of 
direction causes the landward current to be partially deflected, 
and there is, consequently, an alongshore or littoral current. It 
will be observed that this current must assist the oblique waves in 
moving material in the directioR towards which the waves are 
inclined. Such an alongshore current may be accompanied by an 
undcr-tow seawards. 

' A wind blowing alongshore is most effective in causing an along¬ 
shore travel of the smaller particles of sand, shingle, etc. With 
such a wind we therefore get accumulation on the windward side 
and erosion on the lee of any obstacle which is capable of intercept¬ 
ing this drift. Hence the huge accumulation to the windward of 
high groynes, jetties, etc., and the almost invariable scour at the 
lee'» 

The sands, shingle, etc., thus accumulated often form dunes and 
ridges parallel with the beach. 

When two converging coastal currents meet, the flow is reduced 
at the points of contact, with the result that the sands they carry 
settle, and sand banks and pits are formed. 

* Ow<oa and Case: Coast Ensxoif and ForesKort Proiociion, pp, 19-^. 

* Owens and Cam: Ibid., p. ao. 

’ Owens and Case: IM.. pp, 
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Scour 

It is not the direct action of clean waves so much as tlie scour 
against the coast caused by waves and currents charge! with 
sand, gravel, boulders, etc., which causes erosion, anA has far more 
effect than much larger waves not so charged- The term scour is 
usually applied to the action of waves and currents charged with 
materials of this kind, 

Qean water has little or no erosive action on bard rocks except 
when they have already been loosened along natural joints, etc-, 
but where the rocks are soft or composed of unconsolidated material, 
the mere weight of water may disrupt them. 

Just as in the case of rivers, it is by means of the sand, gravel, 
and stones which are driven against the sides and bottoms of their 
channels that ero^on has taken place; so it is the sand, gravel, and 
pebbles, with which they are armed in heavy weather, that cause 
scour of the cliffs, etc, 

SuBUARiNs Erosion and Deposttiok 

Submarine Scour. The processes of erosion and littoral drift are 
not conhned to the foreshore, but continue to affect the sea-bottom 
to whatever depth wave-action and tidal currents can be felt. 

Wave-action affects the sea-bottom up to the edge of the con¬ 
tinental platform—that edge which ia marked approximately by 
the loo-fathcm line. Beyond this line the sea-bottom shelves 
steeply into the oceanic abyss. 

Any movement of material along the sea-floor is, doubtless, the 
result of the combined action of waves and currents. The tidal 
currents off our coasts have an average speed of from i to 3 knots 
per hour, and increase to 5 or 6 knots at times, e.g. round some 
headlands. 

Sea-currents arise owing to differences of temperature and, at 
times, to prevaiUng winds. Currents at the bottom of the sea 
may run in an opposite direction to surface currents. 

Submarine Deposidon- As stated above, a large proportion of 
the detritus from the cUfls is carried out to sea, and while the effect 
on the sea-bed of these deposits, as distinct from local deposits, 
is inappreciable in recent times, it has a decided effect in the course 
of long periods of time. It has been estimated that the amount 
of detritus spread over the sea-level in xc,ooo years would cause an 
elevation of 3 inches. 
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From tiiQO to time some of the detritus which has been carried 
out to se4 is thrown back on to the foreshore, but seldom rests 
there, being returned again to the sea. 

Islands and reefs, shoals, etc., lying parallel to the coast, afford 
protection from erosion by sheltering the coast from violent gales 
and strong sea-currents. 

SECTION IV. EROSION AND ACCRETION 
Coastal Erosion 

Erosion is due to sub-aerial agents (wind, weather, plants, and 
animals, vide Section II), and to the action of the sea accelerated 
by detritus from the cliffs \viie Section III,' Marine Erosion'). 

The rate of marine erosion depends on: 

(a) The erosive and transporting power of the waves. 

(b) The nature and situation of the coast-Hne. 

(^) The resisting power of the rocks. 

(<Q Geological considerations. 

The Erosive and Transporting Power of the Waves is dealt with 
in Section III. 

When an on-shore wind accompanies a spring tide, the scour in 
a few hours may be greater than that caused by normal tides in 
many months. 

The Nature and Situation of the Coast-line. A coast-line may 
consist of (<z) cliffs; (6) a more or less level plain—perhaps not 
much above high-water mark; (c) marsh land. 

CUfs may consist of bard or soft rock, clay, sand, or gravel, 
or a mixture of any of these. 

Levei Plain. Such a coast-line is not liable to attack by the 
wealher-^nly by the sea. Here the waves, aided by the wind, 
often heap up shingle or sand in the form of sand-dunes, and thus 
provide a defence against their own action. 

Marsh land on a coast is usually below h^h-water mark, and 
protected from flooding by embankments or a beach higber than 
the marshes, which is known as a ' full.* 

As regards sUuaiion, the rate of erosion on an exposed coast is much 
more rapid than in sheltered bays or on tbe lee of promontories. 

Resistiiig Power of the Bocks. Hard and compact rock will 
resist erosion, but if permeated by joints, faults, or beddh^ planes 
it is far more easily attacked. The softer the rock, the more easily 
it is eroded. 
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Cliffs formed in well-comp&cted rock are usually ateep or over¬ 
hanging;. Cliffs composed of incoherent material generally assume 
gentle slopes towards the sea. 

If a hard rock is overlain by a softer one, the formation 1$ know) 
as slope over vail ; if underlain by a softer rock, it is known as 
vail over slope. 

In the former case the bard rock will resist the sea, and its resist¬ 
ance will be reinforced by the disintegration of the overlying soft 
rock, which will slip down and afford protection. 

In the case of ' wall over sbpe/ the underlying soft rock soon 
disintegrates and brings down the hard rock, which then protects 
the soft rock from the action of the sea. 

Compact iraniU often wears away into dome-shaped headlands 
and islands which resemble roohes movlonnUs {vide hg. i). 

When siraiified rocks dip towards the sea, landslips are common, 
as, when undercut by scour, the supporting foot of the block is 
removed. 

Landslips are often due to, or accelerated by, land springs. 

Hence, when promenades, etc., are constructed at the foot'of 
cliffs composed of rocks which dip towards the sea, or of incoherent 
materials, it is important to excavate very short lengths at a time 
and to fill in breast walls as quickly as possible. 

Conversely, rocks dipping away from the sea axe on obstacle to 
slipping. 

Cli^ Distniegraiton. Hard rock, where undermined, provides 
boulders and pebbles which become instruments of destruction. 
Soft rock usually disintegrates at once, but if there are any nodules 
of flint they are added to the sliingle. When hard and soft bands 
of rock alternate, the soft bands quickly disintegrate and the hard 
rock, being unsupported, quickly crumUes away. 

Chalk disintegrates rapidly under the influence of frost and rain, 
but is Little affected by tho sea, especially when massive. 

Sand, loa*n, eU., offer little resistance to weather and waves. 
Clay suffers much more from tbe weather than from the sea. 

Geological considerations govern to a large extent the amount 
and rate of erosion. The most serious erosion takes place in 
the south and east of England, on coasts lined with Tertiary and 
Secondary deposits, ag. the London clay, gravels, and sands of 
the Glacial Drift on the Yorkshire and Essex coasts and the south 
shore of the Thames ; the shelly crags, loams, and sands, etc., of 
Pliocene and later times on the coasts of Norfolk and Suffolk; 
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and GlacUl and post-Glacial deposits on the shores of Scotland and 
Ireland. 

On the south coast of England there is less erosion, and in the 
west of England and on the coasts of Scotland and Ireland the harder 
rocks of Paheoacdc and Precambrian Ages resist attack. There is 
little erosion also on the east coast of England, north of Flamborough 
Head. 

The Moiwe of the slraia belctM ihe line is of great import¬ 

ance. If the strata resist submarine scour, a gently shelving fore¬ 
shore will be formed, which will protect the cliffs host the action 
of the waves. 

Springs and Landslips. The mode of occurrence of springs is 
referred to in Chapter Vll, Section HI. as largely dependent on the 
strata. Where pervious and impervious alternate is the most 
likely situation for springs. 

Visible springs above high-water level cause landslips and tend 
to make a long b«ekward slope, but they are not nearly so important 
as the lower springs, which occur between tide-marks or below the 
sea. These may cause the whole cliff to sUp. 

Coastal accretion 

Aeoretloa above High-water Mark. Though a great deal of land 
has been lost by erosion, there has been much accretion on other 
parts of the coast. These take the form of accumulations of shingle, 
sand, and alluvium. 

SkingU AccumttlMian. Storm beaches are masses of shingle 
accumulated above high-water mark in the course of storms. 

Littoral drift often results in the formation of long spits which 
deflect the outlets of rivers and form ridges between the stream and 
the open sea. e g. the ridge of shingle extending for zo miles south of 
Aldeburgh {cf. above, Section 11,' Littoral Drift'). 

Sand and Sand-dunes. These are referred to in Chapter I. 
Section 1. Dunes are formed on coasts where much sand has been 
deposited by the action of on-shore winds, which drive the sand 
on to the land, especially where the land is low. They form a 
natural protection {ef. Section V). 

The driving sand often internes with the land drainage, and 
forms lagoons which get silted up into marsh lands, and eventually 
may be reclaimed {ef. Chapter XJV, Section II). On the other 
hand, the drifting sand often covers up valuable land. 
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To bind the sand and prevent it from diifting inland, as well 
as to encourage the fomatioa of sand-dunes, where not eating, 
grasses are often planted with good results, s.g- Mairum {Psavmta 
arenofia), lyrae grass {Elymus areHorius), sand sedge {Carex 
areTtaria), wild thyme, heather, gorse, sea-buckthorn, and tamarisk. 

AUwneU Fl<Us. The deposition of alluvium in sheltered bays 
and estuaries is referred to in Chapter I, Section I. Such alluvial 
flats can often be reclaimed {cf. Chapter XIV, Section II). 

The process of raising salt marshes by the depo^tioo of alluvial 
silt or mud is a very slow one, and the gains obtained are often 
not noticed in comparison with erosion, which is rapid and inter- 
mittent. The gains on the whole are probably greater than the 
losses, but as the land gained is always at a low level—below that 
of spring tides—the maintenance of protective works is often costly. 

The process of natural accretion on alluvial flats may be expedited 
by planting Rice grass or other suitable vegetation. 

SECTION V. PROTECTIVE MEASURES 
Natural Protection 

Beach Material. The shingle and sand which accumulates on the 
foreshore and are derived from the erosion of the land, form a 
natural protection to the coast. The protection a^orded by sand- 
dunes is referred to in Section IV, ‘ Accretion.' Good examples are 
to be found in East Anglia, g^. between Happisburgh and Winterton 
in Norfolk, and at Minsmere in Suffolk, where they form the only 
protection for wide areas. 

The ham done by the rcmovai of beach material has been referred 
to in Section II, ‘ Organic Action.' It not only contributes to coast 
erosion at the part where removal takes place, but also deprives 
adjacent places of material that would naturally accrue in the 
normal course. Moreover, cases have occurred where the hollow 
formed by removal has been filled by depleting the beach from 
some other point where its removal may have done much harm. 

Artiflcial structures, e.g. piers and harbours, by arresting the flow 
of material, may also have a very harmful effect. 

Again, the quarrying of rock on the foreshore, which protects the 
coast, may do injury. 

The preservation of sand-dunes, by encouraging the growth of 
grasses, etc., is referred to in Section IV,' Coastal Accretion.' 
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Artificial Protection 

Impdrfsct Knowledge. One of the latest contributions to the 
study of coast erosion is a pamphlet by J. H. Van Der Bu^, 
Engineer of the Netherlands State Waterways Administration, 
translated into English and published in the Royal Engineers 
Journal for March 1937 , and republished by the Institution of Civil 
Engineers. 

He points out how little is known of the forces at work along those 
coasts, and the need for thorough exploration of all pertinent 
phenomena. He recommends the investigation of the reasons why 
protective works have or have not been found necessary on each 
part of the coast, and reiterates that comparatively little is known 
about it at present. 

Keed for Study. He also recommends study of the following 

(«) The movement of sand along the coast; 

(^) The motion of coastal cunents; 

(e) The unde^water contours at various heights below low- 
water mark; 

(i) The banks lying within estuaries; 

and postulates the collection of data by means of hydrographic 
surveys, beach surveys, and soundings-^pecially where the 
coast is attacked heavily—and the recording of tide- and water- 
gauges. 

The Importance of Co-ordination in coast defence works and 
harbour works has been referred to in Section II,' Organic Action,’ 
and tbe need for a co-ordinating authority to prevent isolated 
attempts at protection and insist on the geological conditions being 
considered, is emphasised by the many wrongly designed works that 
have been erected 

Claaslficatico of Works. These include: 

I. Measures for draining and shaping tbe clifU. 

II. Longitudinal works: { 4 ) Sea-walls, (&} Sea-dykes, (r) 

Protected outer dunes. 

III. Groynes. 

The works under II and III may be used separately or together. 

Drainage, tie,, of ike Cliffs^ This includes the draining of water 
away from the tops of the cliffs, and is mentioned first because the 
neglect of such an obvious precaution— familiar to engineers making 
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mountain roads—may lead to the destruction of expensive works. 
This applies especially to the construction of breast walls on the 
clifi-side of promenades, etc., which if not done very carefully may 
lead to heavy falls {cf. Section iV, ‘ Resisting Power of Rocks ')- 
LoTigitwiinal x^ks include: (a) Ssa-^aUs of masonry which are 
generally used to protect promenades at seaside resorts, or to carry 
railways and roa^ along the coast or elsewhere for some special 
reason, e g. where the coast is veiy heavily attacked, (b) Sea^dykis 
or embankments to prevent inundation from the sea, as at Romney 
Marsh. These have a normal dyke cross^ction. (c) ProtdcUd 
outer dunes, which may have a solid sea-wall, or the foot of the dune 
may be revetted. 

Groynes are placed at right an^es to the coast and spaced at 
regular intervals with the object of building up material so as to 
stabilise the low-water line. 


Sea-walls 

Effect of Wave-acdoA. In considering the design of sea-walls 
it is necessary to bear in mind (i) the force of impact of a wave; 
(a) the height to which a breaking wave will rise. 

The Force of impact of a wave will depend on (i) whether the 
wave is a tidal or a wind wave; (2) its length, height, and velocity; 
(3) whether the body against which the wave strikes is elastic or 
rigid, and whether it has a vertical or sloping face. 

The power of the waves is mentioned in Chapter I, Section 1 . 
The most important point to note is the continuity of impact,' like 
a continuous succession of cannon balls,’ as described by Mr Thomas 
Stevenson. 

The height to which a wave rises after impact. The h^bt of a 
wave which breaks on a shore without meeting any obstruction will 
be no greater than the depth of water through which it is travelling, 
but where there is an obstruction, such as a sea-wall or cliff, waves 
may reach a height of more than 100 feet; e.g, at Wick, storm waves 
frequently overtop cliffs from 70 to So feet high. 

Design, Sea-walls may have a vertical, sloping, carved, or 
stepped face. Their respective advantages and disadvantages may 
be summarised as follows 

Increased scour at toe of wail is greater with vertical, sloping, 
and curved frees than with stepped free. In all the former an 
apron is necessary. Curved and sloping frees break the force of a 
wave by helping it to run up the wall, but the recoil is increased. 
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A wall with vertical face offers more direct opposition to a wave, 
and the dead blow on it is incieaded, but it reduces the tendency for 
a wave to rise and also lessens the recoil. 

With a stepped face there is less scour. The ascending and 
recoiling waves are broken up, but there is a liability for displace^ 
xnent of the bricks forming the face of the wall 

The addition of a comics to vertical and stepped face walls is a 
great ads^tage, as it throws back the wave and reduces scour. 

Itiass concrete is unsuitable for fronting sea-walls, but walls of mass 
concrete faced with blocks of stone or concrete have been used with 
success. 

While every case must be considered on its merits, walls with 
almost vertical or slightly stepped faces are perhaps the best. 

Dangers to which sea-walls are liable are as fellows;— 

(z) The toe is subject to attack by the backwash caused by the 
water running off the face of the wall and scooping out the sand. 
Stone aprons are used to combat this, but need careful watching, 
as the joints are liable to be scooped out by the backwash, forming 
hollows into which the stones sink. 

(2) In heavy storms waves may sweep the top of the vrall and 
cany away the backing, unless the latter is covered with asphalt, 
concrete, etc. 

(3) Planks of walls are liable to attack, and so should be thrown 
back by sloping the wall gradually back to high-water mark on the 
beach, and thus avoid corners. 

(4} Pressure from behind the wall causing cracking or overturning 
may be prevented by Ailing behind the wall with broken stone or 
brick instead of earth. 


Gboynbs 

Groynes with or without a sea-wall have the effect of stopping 
the travel of shingle along the shore, and of raising the beach-level 
by accumulating shingle. They are often needed in front of sea- 
1A^, and in that case should be constructed first to prevent scour 
along the foot of the wall when built. 

The higher the groyne the greater will be the accumulation on 
the windward side. Groynes should be built far enough out to sea 
to prevent shingle escaping round the end, and erosion taking place 
below low-water lina 

Groynes are best adapted for a sloping beach. They are not 
suitable where there is deep water close inshore. 
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It is not possible to fo into details of groyne construction here, 
but it is important to remember that a groyne is useless without a 
secure foundation. Sheet piling is much used for this purpose. 

Sascins mailress work covered with random rock rubble is much 
used on Belgian and GermaD coasts, in front of and alongside the 
groynes, and where the sea attack is heavy, very heavy stones are 
placed over the mattress. The mattress work is gradually narrowed 
up the beach, and should be carried up to half-tide level. 

The leeward groyne of a series is likely to produce serious scour 
on its leeside, and may be protected by groynes. 
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CHAPTER XIV 

DRAINAGE AND RECLAMATION OF LANDS 


ProctssM I&nd SurfftCAi. Whereas the principU agents 

producing swamps and flooded areas on such a large scale as to call 
for reclamation are seas and rivers, the processes of denudation, 
deposition, and evaporation are common to lands re<)mring reclama¬ 
tion as well as to smaller areas, such as farms and estates, which 
come under the head of Drainage of Lands. 

Ds&udaUon and Deposition. The agencies described in Chapter I, 
Section I—dtsnges of temperature; solvent and chemical action 
air and water; disintegrating action of frost, ice, and snow; action 
of rain and running water above and below ground; action of plants 
and animals—all tend to break up the surface of the land and reduce 
large masses to smaller ones, especially on the steeper slopes and 
more exposed surfaces. 

The detritus so formed is carried down by streams and rivers, 
glaciers and earth movements, from higher levels and deposited 
on lower levels, where the procew of comminution is continu^ more 
slowly towards or into the open sea, where it is subjected to the 
action of waves and currents. 

Rainfall is referred to in Chapter Vll, Section I, and the physio¬ 
graphic conditions affecting the flow of streams and rivers is iWerred 
to in Chapter XIl, Section I, while the action of waves and currents 
is describe in Chapter XIII. 

Near the seacoast swamps are formed when the nature of the 
land is such as to pennit denudation to lower the land surface until 
it becomes flooded by the sea, and reclamation is carried out by 
processes which induce the sea to return sediment to the land. 

Simiiaily in areas inland, where the natural drainage, shaped by 
the rainfall into rivulets, streams, and rivers, is either in excess 
or defldency of agricultural and other requirements, a system of 
artificial drainage is required in order to carry o^ surplus water or 
to check the run-ofi and distribute it among fields, etc. 

IlV^>oration is referred to in Chapter Vll, Section I, and must 
be taken into account in all reclamation and drainage schemes. 

SLO 
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We are not concerned here wth evaporation irom the sur^ces of 
water, but only with that from groond surfaces, which, as stated in 
the passage in this book referred to, will depend on (i) the tempera¬ 
ture ; (ii) the physical configuration, and the geological formation; 
(iii) the nature of the surface, and the amount of vegetation; (iv) the 
rate at which rain falls, and the height of the water-table. 

The humidity of the atmosphere depends on the amount of rain 
and the temperature. On steep, bare, and impermeable surfaces the 
amount of evaporation will be least, and on fiat permeable surfaces 
it will be greater-—and, if the water-table i$ near the surface, the 
amount will be greater still. On the other hand, absorption by 
vegetation must be taken into account. 

Evaporation is least active when the humidity of the atmosphere 
is greatest. 

Generally speaking, the amount of evaporation varies so much 
that, in drainage schemes, it must often be ignored. 


SECTION I. DRAINAGE OP LANDS 

Drunage* Owing to the above-mentioned processes of denuda¬ 
tion, deposition, and imperfect evaporation, an excess of water is 
apt to accumulate in low-lying lands. Dratnagd is the process of 
removing ^hi^ surplus water from the soil and subsoil by natural 
and artificial means. 

AU water in the soil is derived originally from precipitation, but 
in any particular area the amount actually precipitated may be 
increased by surface flow or underground seepage from higher 
ground or by springs. An excess of water is injurious to crops, for 
they need an access of air to their roots, and when the ground is 
saturated with water the air is all driven out, and. owing to the 
continuous process of evaporation and radiation, the temperature 
of the water-logged soil is much below that of drained soil. 

Water will rise in day by capillary action to a he^ht of 50 inches, 
and in sand to 22 inches. Above the water-table the water is 
held by capiUarity, and the percentage of water $0 held decreases 
towards the surface, which may be perfectly dry. 

Drainage reduces the ' sur^ice tension ’ of the capillary water 
by removal of the excess, but the water-table may be much below. 

Drains should be capable of removing the excess capillary water, 
as well as the excess of percolating water in wet weather. 

The measure of 'nm-off' employed by drainage engineers is 
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called the dratnage cospcienl, and is the depth of water in inches 
which must be removed from the entire watershed to be drained. 

Uethods of Drainage. Drainage may be effected by (i) surface 
drainage, or (a) underground drainage by means of pipes, etc. 
The result is to increase the flow of water in the streams and rivers 
to which the system of drains is connected (sec Chapter XII 
'Rivers’). 

In designing a system of dramags for an estate, etc., the flrst step 
is to arrange for a suitable out/ail into a river or other receiving 
channel; the main drains must then be arranged for—these should 
be laid along the bottoms of the principal valleys. Branch drains 
may be needed in the smaller valleys and hollows, and these will 
be fed by minor drains or feeders, which are usually parallel to one 
another. 

Sl2E, STC., O? DrAJHS 

The size and general arrangements of the drains, whether surface 
or underground, depends on; 

{a) The amount of the rainfall. 

(b) The contour of the ground. 

(c) The geological strata of the district. 

(<f) The nature of the soil. 

Amount of Rainfall. Rainfall is refened to in Chapter VII, 
Section I, The maximum quantity of rain per diem must be 
allowed for. The width between drains should be in reverse 
proportion to the amount of the rainfall. A fall of z in 200 is 
desirable. 

Contour of the Surface, The amount of water to be dealt with_ 

which is the drainage engineer’s problem—obviously depends on 
the general contour of the ground In hilly districts rain-water 
collects into runlets and streams, which not only have a marked 
erosive effect, but often remove too much water from the soil; 
so that it may be necessary to lead water to the land by banking 
up the streams instead of draining it away. 

Lower down, the streams collect into rivers, thus forming a 
natural drainage system. The erosive effect depends largely on 
the valley-slopes. The wider the valley, the slower the velocity 
of the river- 

When the rivers reach lower ground, deposition takes the place 
of erosion, which may raise the river bed and cause the river to 
overflow—thus necessitating special drainage measures. 
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In vaileys with coDsideTable slope catchwater drains may be 
needed; while those with less slope, in average nnduUting country, 
can be drained by a regular S3^tem of surface drains. 

Land below the level of the sea may need draining by boring 
absorbent wells down to a permeable stratum, if such is available. 

Geological Strata. The geological formation is of paramount 
importance in all drainage schemes, and the engineer will do well 
to make a careful geological survey {vid^ Chapter VI). 

The strata may be dassiAed for this purpose as follows, vis. 
(i) porous or pervious, eg. sand, gravel, etc,; (2) retentive or imi>er- 
vious, e.g. cla)^, marls, dense rocks, etc.; (3) mixed or partly per¬ 
vious, e.g. loam, soft chalk, and surface soils of mixed ingredients. 

Where there is a pervious bed resting on an impervious one, it 
will usually suffice to take the main drain down to the bottom of 
the pervious bed, but where there is an impervious bed resting on 
a pervious one, if the latter is not very deep it will be best to take 
the drain down through both beds. 

Again, if the surface is concave, as in valleys, basins, etc.. larger 
drains will be needed, and catchwater drains will be required also. 

A thick bed of clay can only be dealt with by laying shallow 
drains fairly dose together. 

The depth of drains and their distance apart depend largely on 
the textiue of the aoU In an impervious soil the flow is much 
impeded, and the water-table can be controlled only by a large 
number of pipes. In lighter soils the depth and distance apart can 
be reduced. 

nature of the Soil. Sdls and subsoils are referred to in 
Chapter XV, Section I. We are here concerned with soiU la 
relation to drainage. These may be considered under the foUowiag 
heads: (i) Free soils, (2) Clay soils, (3} Peaty and vegetable soils, 
(4) Mixed soils. 

Free soils, eg. sands or gravels, certher oppose the admission nor 
effect the retention of water. If deep enough to reach the ' water- 
table ' {c/. Chapter VII, Section II), the water of imbibition, as it 
rises by capillary action, will be partly evaporated, partly absorbed 
by vegetation, and partly drained off by natural means to lower 
levels, if such exist. 

CUty soils absorb water slowly, but allow little, if any, to percolate 
through them. When wet, they expand and retain moisture, but 
when dry they contract; they part with their water by evaporation, 
and by drainage through the various cracks and fissures which 
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occur as the da7 dries. They require the most complete aeration 
to enable (hem to be drained eftdently. This aeration Is obtained 
through the cracks and fUsures, and by means of artificial drainage. 

Peaty soils are capable of a large amount of capillary action, and 
consequently lose much of their water by evaporation. When 
drained, they react more quickly than clay soils. 

Mixed consist of a mixture of aluminous, siliceous, and 
calcareous materials in varying proportions. They retain water 
and lose it by evaporation in proportion to the amount of alumina 
present. They are generally found in the form of clods, between 
whose particles are pores which will contain water, while the passages 
or canals between the clods should contain air, in order to form a 
soil suitable for agricultural purposes. When the passages between 
the clods are filled with water the soil is said to be water^bgged and 
unfit for tillage. 

SECTION n. RECLAMATION OF LANDS 

The subject of reclamation of lands from the sea is closely allied 
with that of the drainage of low lands. 

The actual work of reclamation is carried out by controlling the 
deposit of alluvial matter which hts acciunulated, as described in 
Chapter XIII, Section II,' Sources of Beach Material,' and Section IV, 
* Coastal Accretion.’ 

Oauses of Fdlure in reclametion work arc: 

(a) Want of co-operation among landowners, etc. 

(&) Want of recognition of the fact that land reclaimed from 
marshes, or by warping (see below), will shrink on drying when 
drained. This may involve pumping, 

(c) Unsuitable embankments, a.g. either too low, or badly built, 
or not properly protected or maintained. 

(d) Unsuitable sluices, ag. too small, or badly constructed so 
that they leak. 

(s) Unsuitable drains, ag. either too small, or allowed to silt up 
and get choked with vegetation. 

RaCLAMATlOK OP TiDAL LaMDS 

The chief object of reclaiming land from the sea or in tidal areas 
is to enlarge the area of ground which Is available for cultivation. 
The fiesh alluvial soil deposited in reclaimed areas is usually very 
fertile. 



DRAINAGE AND RECLAMATION OF LANDS S 15 

lAnd may also be reclaimed for harbour purposes, as for the new 
Southampton docks. 

Along most of our fens, levels, carses, and tidal estuaries there is 
always a considerable ma^in of silt and low-lying land, little if at 
all above ordinary sea-level, and consequently liable to be inundated 
during fiood-tides and storms. 

Katural Reclamation. The formation of alluvium is referred to 
in Chapter I, Section I. As stated in Chapter XIII, the larger 
proportion of material brought down by rivers to the sea, as well as 
of that eroded &om the coast-line, is carried out to sea, but much 
of the finer material is deposited in estuaries and sheltered bays, 
and becomes the groundwork from which alluvial fiats are formed, 
which by slow degrees may be reclaimed and converted into good 
agricultural land. 

The first step in the reclamation of alluvial fiats is the formation 
of salt marsh by naiwal accretion, either outside the banks of areas 
already reclaimed as in the Wash, or off the shore as in Southampton 
Water. 

Where there is a substratum of clay, as in the cases cited, sand is 
deposited by the tides, and above this sand alluvial matter or' warp * 
follows. First, the larger particles of silt and sand are deposited, 
the finer particles being carried away by the ebb, but as the fore- 
shore rises and the strength of the ebb grows less, the finer particles 
of warp begin to settle. When the warp begins to accumulate, 
samphirs, followed by marine grasses, be^ to grow. These assist 
the warp in accreting. 

The various stag:es in the growth of vegetation in the reclamation 
of alluvial fiats are as follows:— 

First come aigs and bacteria, then marsh samphire or glasswort 
{Salicomia). The samphires induce the formation of hummocks of 
mud, which gradually become coJonised by sea-blite and sea-grass. 
The hummocks gradually grow and coalesce, and the depressions 
between them become filled up. 

The plants of a salt marsh differ from others in their capacity to 
endure periodic inanersion in sea-water. 

The growth of rice-grasses on the mud at Southampton did much 
to accelerate the natural accretion, thus facilitating the work of the 
engineers in the eventual reclamation. 

In the Report of the Royal Commission on ' Erosion, etc.,’ it was 
stated that a period of at least twenty to thirty years is necessary 
before the grass becomes fit for enclosure, and that if the land 
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h4$ been enclosed too soon It has been found worthless for coltlva* 
tion, owing to the lack of sufficient organic matter derived from the 
long-continued decay of marine vegetation. 

Artificial Itedamation. When the natural accretm has cozi> 
siderably progressed, artificial aids most be resorted to in order to 
complete the reclamation. These consist of 
and draining. 

An inUrmdiaie slaga between natural and artificial reclamation 
is often resorted to, by placing fascines, hurdles, or sods across 
the line of fiow in order to reduce the scour. Embankments are 
then commenced so as to enclose the higher portions of the 
foreshore, and ultimately extended so as to enclo» the whole 
sirea. 

The enbanhnenls of the old reclamation of Romney Marsh, and 
many of the Butch embankments, were made without any puddled 
wall—the width of the bank sufficing to prevent percolation of 
water at the base; but where there is any likelihood of infiltra¬ 
tion, a core of puddled clay is required as in the reclamation 
bank for the Hod-barrow Iron Mines, or a row of sheet piling may 
be used. 

The height of the bank must be sufficient to prevent it being 
overtopped by waves, and allowance should be made for a spring¬ 
tide accompanied by a strong on-shore gale. To prevent the bank 
being undermined by the action of the waves, a line of sheet piling 
may be placed along the outer toe of the embankment. 

As a rule, embankmente in estuaries should not be built beyond 
half-tide level, and it is preferable to reclaim a large area at one 
operation rather than by sectiona The beat method of finally 
closing the bank is to leave a fairly wide opening and gradually 
raise a level bank the whole length of the opening. In Holland, the 
openings are closed by sinking long mattresses of fascines which are 
weighted with stones and clay. 

Warping is the process of admitting muddy water from the 
estuary or tidal river into the area which it is intended to reclaim, 
which must be below the level of high tide, and letting this water 
slip again as the tide frUs. 

Strong sluices for this purpose are provided in the river Kanir 
or bank of the estuary, and channels are constructed to carry the 
water to the area to be warped, which is enclosed by an embankment 
in which sluices are made to control the flow. These sluices are 
placed as low as possible so as to admit water at the lowest part 
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of the tide, just before it begins to tnm, at which time it is charged 
with more mud and silt than at any other time. The main channels 
or conduits often extend for miles« and, being very costiy, serve for 
several areas, f^h openings being made in the embankments as 
required. 

The ' warp ’ or fine muddy sediment thus deposited is derived 
from the banks and bed of the river, part being brought down by 
tributary streams above tidal limits, and part scotired out by the 
action of the tide. 

The result of warping is to enrich the soil. A deposit of 2 or 3 
feet may be attained in one season, and thus the land is gradually 
reclaimed and made fertile. 

Drainage. The land must be prepared for warping by construct- 
ii^ channels to lead and distribute the water where required. 
These axe kept open by the outfiowing water when the tide recedes. 
These channels are utilised as drmns to effect the diyii^ of the land 
when the warping process is completed. 

It must be remembered that the drying-up process lowers the 
surface of reclaimed land some 2 or 3 foet. and it is therefore im¬ 
portant to make the embankments strong enough to prevent any 
chance of breaching. 

RECLAMAtrOH 0? RiVER LAKDS 

Bi?er improvement schemes {vide Section III, Chapter XU), 
which are generally undertaken with the object of deepening the 
river channel for the purposes of navigation, may also effect the 
reclamation of considenble areas of land. 

Embankments or Levees (as they ace called in America) may be 
natural or artificial. 

Naiurai Banks. We have seen in Chapter I, Se^ion 1 , 
that deposition of sediment takes place when the vclodly of a 
stream is checked and that alluvial fans axe thus formed; also in 
Chapter XII, Section !, that tcrracos are often formed on the banks 
of rivers on account of the velocity of the stream near the banks 
being insuMdent to move heavy materials. In a siinilar way 
deposition takes place at the sides of the stream where the velocity 
is less, with the result that the banks are raised and the whole bed 
of the river is gradually uplifted above the level of the surrounding 
country. 

In tiroe of food the stream ovetfiows its banks and deposits 
more material on the outer slopes, so that a long alluvial ri^e 
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or natural levee is built up on each side of the stream. A 
notable instance of this action is the Hwang Ho or Yellow River 
in China. 

Artificial Embemkmenis. When it U desired to protect low-lying 
land adjacent to the bank of a river, the overflow of the river must 
be confined betsveen continuous embankments. A low-lying district 
thus protected, as a rule, will be a long, narrow strip; its width 
being the space between the embankment and the nearest high 
ground, whilst its length may be from one tributary of the river 
to the next. Usually, it will be necessary to cany the embank¬ 
ment back to the high ground at each end of the district to be 
protected. 

A low embankment may suffice where it is necessary to exclude 
only exceptional summer floods; or the embankment may be 
high enough to exclude all but exceptionally high floods—provision 
being made for the escape of the exceptionally high floods at 
certain places where the discharge is least injurious: or. again, the 
embankment may be high enough to exclude the very highest 
floods. 

In any case, allowance must be made for the drainage of the 
protected district, and provision for the discharge of water from 
adjacent high land may have to be included. 

Where the embankment is high enough to guard against the very 
highest floods, it must be exceptionally strong and perfectly water¬ 
tight ; allowance must, of course, be made for the rise in height of 
the water in the river due to confinement within embankments. 
Provision must also be made to prevent seepage water percolating 
under the embankment. 

In certain cases pumping may have to be resorted to, in order to 
remove the water from the district to be protected. The great 
expense of this process precludes its use, except in the case of lands 
the return from which will warrant it. 

LomHoh 0/ the Embankmini. The exact location, or distance 
from the river, of the embankment depends on local conditions, 
the most important point being to secure a solid foundation. The 
volume of flood-water to be dealt with; the nature of the soil of 
which the banks are composed; the general stability and slope of 
the ground to be enclosed; as well as the slope of the ground 
adjacent to the site of the proposed embankment, must all be taken 
into consideration. 

As a rule, the embankment will be parallel to the river, but the 
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leneral direction may be varied to take advantage of high ground, 
caie being taken that any changes in direction are formed by means 
of easy curves. 
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CHAPTER XV 

SOILS AND SITES FOR BUILDINGS 


SECTION I. SOUS AND SUBSOILS 
The nature of the several scdls with which we have to deal will 
best be understood regarding the manner in which they have 
been fonned, and the several materials of which they are constituted. 

FORUATIOH OP Soiu 

The formation of all soils roay be very clearly traced to the 
disintegration* by mechanical and chemical agendas, of rocks and 
minerals which contain alkalies and alkaline earths. 

The origin of soils from the disruption of rocks is referred to in 
Chapter I, Section I. and the disintegration of rocks is described in 
Chapter V, Section IV, 

Olasies of Soils. Soils may be (i) formed in situ; (2) formed by 
the mechanical effects of rain and running water, s.g. alluvial soils ; 
( 3 ) Upland soils; (4) Gladal soils. 

SiriU fom*i in situ. In all surfaces ffatter than the angle of rest, 
the products of weathering and disintegration will tend to acciunu- 
late where they were formed. 

As the crust weathers and begins to break up, mosses and 
lichens establish themselves, and push their tiny rods down into 
the crevices in the rock-surface. From the decaying vegetation 
humic and other organic acids are produced, and continue the work 
of dirintegration. The rock-surface gradually becomes comminuted 
into the finest particles which, becoming mixed with the decaying 
vegetable matter, forms a thin layer of dark-coloured humus or 
soil {vide fig. I). 

This thin layer soon attracts other plants and grasses, shrubs and 
trees, whose roots strike down deeper into the crust, break up the 
surface still more and increase tbe supply of organic and other 
adds (see ' Forest Action' below). 

The work of dismtegration is still further carried on by earth¬ 
worms and micro-organisms, by whose means the whole soil layer 
is largely reconstituted. 
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As the process continues, and the depth of soil g:et$ beyond the 
limit ailected by roots of plants, shrubs, and small trees, a more 
compact layer gradually intervenes between the soil and the rock 
(see ‘ Subsoil' below). 

AlUvial scnls. action of moimtain torrents, in bringing 
down silt to form alluvial terraces and plains, has been described 
in Chapter XII, Section 1 . At first these alluvial plains are 
swampy, but gradually many of them become good firm soils, 
either by continued deposition or continental uplift. Where 
neither of these operations of Nature takes place, it is often possible 
to drain them by artificial means (see Chapter XIV, Section II, 

‘ Reclamation of Lands as in the case of the delta of the Rhine. 

The peculiar advant^[ea of this class of alluvial soils are their 
depth, which is often very great, and their extreme fertility. More¬ 
over, owit^ to the absence of stones they are easQy ploughed, 
and their products can be disposed of by means of the adjacent 
waterways. 

Upland Mils. These are beyond the reach of the silt-laden 
food-waters, and as a rule their slope is too small for gravitation 
to come into play and induce detrital matter to creep down the 
slope into the lands afiected by the fiood-waters. 

On such lands the wasting of the soil is mainly occasioned by the 
direct cutting action of riib and streams, or by the percolation of 
water throv^h the mass of earth and rocks. A portion of the 
material is dissolved by these percolating waters, which carry it 
away to the streams in a state of solution. 

Glacud spiU. The deposits due to the Glacial Period are fluvic^ 
glacial drifts, moraines and valley trains, boulder-clays, newer 
glacial drifts and eskers (see Chapter I, Section I). When the ice 
melts, the stones, pebbles, sand, and mud from these deposits, which 
have been carried along with the ice, drop on the surface and form 
a coaling of detritus, often very different in character from that of 
the underlying sur&ce. Owing to the nature of its formation, this 
detritus bmaks up into soil far more quickly than in the case of 
unbroken rock, but owing to the presence of large stones, and to 
the fact that they are washed over by streams of water from the 
melting ice and thus deprived of the clay which is the finest element 
of a soil, they are only relatively fertile. 

Fertility. The fertility of soil depends on the chemical characler 
of the rocks from which they are derived- If the composition of the 
rocks has a wide range, the soil is likely to be fertile unless it is too 
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fine-graintd to retain the moisture which is so necessary for plant 

life. 

The fertility of soils is also 4 ue to the presence of organic remains 
in the underlying rocks. These are most common in stratified rocks, 
but are also found in crystalline rocks. The lime phosphates, so 
essential in soils used for ^ricuUural purposes, are derived from 
small shells and minnte austaceans. 

Effect of Air. The aeration of the soil is produced in various 
ways. Roots of trees, when they decay, form cavities, and larger 
cavities are formed by the blowing down of trees. The action of 
buROwing animals has been referred to in Chapter 1 . Section I. 
Water steadily penetrates downwards into the and takes with 
it a certain amount of air. Moreover, as it sinks into crevices and 
cracks, it draws down still more air. 

FoRBST Action 

Effect of Cleaisncs. The effect of clearing forests whereby the 
run*off of water into streams and rivers is greatly accelerated, is 
described in Chapter XII, Section I. The effect of forests on soils 
^ must now be considered. 

The dsAifl mat or sponge of vsgetation found m forests protects 
the soil, and so retards the downward movement of this material 
towards the sea which is always taking place, that before it reaches 
the banks of the streams most of the plant food is taken from the 
waste and fed to vegetation. 

When, however, this natural coat of vegetation has been cleared 
away, and atill more when the land has been subjected to the plough, 
the rate of removal of silt from the surface of the soil into streams 
and rivers is greatly increased. If the slope of the ground be steep, 
this action wiU be still further accelerated, and a single torrential 
downpour of rain will carry away an enormous amount of soil. 

The dense mat of vegetation, already alluded to, not only stores 
up water in a natoral reservoir and yields it. but slowly, to streams 
and rivers, equalising theii flow and maintaining a ste^y supply of 
water for the purposes of mankind, but also protects the soil from 
erosion and increases the rainfall. For. in the case of a cleared 
surface, water runs off rapidly and there Is little opportunity for 
evaporation, But from a damp surface, evaporation, condensation, 
rainfall, and re^vaporation form a continuous process. 

The dsstructirs action of trees in breakiiig up the soil has 
been desaibed in Chapter I, Section I. This action is of course 
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intensified in the case of forests. The chemical atction of rain as 
regards oxidation, deoxidation, carbonation, etc., as described in 
Chapter I, Section I, is greatly increased by the acids dissolved 
trom the vegetation beneath the branches of forest trees. 

StfBsoir 

The subsoil is really the weathered portion of the underlying 
rock and merges almost imperceptibly into the soil. It differs from 
soil in being more compact and in containing particles of rock from 
the underlying stratum. It usually takes its colour from the latter, 
but may be yellow or brown owing to the oxidation and hydration 
of iron. 


SlBCTlON □. BUILDING SITES 

In choosing the site for a building, whether for residence or 
other purposes, one of the most important considerations is the 
nature of the ground on which it is to be built. No less important 
is the actual position of the building as regards light, ak, and 
relative elevation, and its construction, water-supply, and drainage; 
but these latter are matters beyond the province of the geologist, 
whereas he can throw light on the question of the foundation. 

It is usual to refer to ' the subsoil ’ in this connection, but, as will 
be seen, buildings may be erected on made ground or on rock, where 
there is no subsoil properly speaking. 

Foimdatios. This term is used (i) for the supporting part of a 
wall or structure, e.g. piers or column, and includes the base course 
and footing course—we will call this the Shuctwal Fow%dati<m\ 
(2) for the ground material on which something is built—we will 
call this the VUi*nate Potmdidion. 

StRtrcTURAi. Foundatiok 

Footings are provided to distribute the pressure of the walls 
of a building, and, together with the concreU bed—which is usually 
provided—to reduce the pressme to a safe margin below that which 
the ultimate foundation will stand (see below). 

In the case of piers and columns, where the load is more con* 
centrated, the proportions of the structural foundation must be 
correspondingly increased. In the case of hard rock, theoretically 
footings may be unnecessary; but see under * Ultimate Foundation ’ 
below. 
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UlTIMATZ FOUKDATION 


Nstuia] Soil bas b&OQ described in Section I of this chapter (see 
Soils formed m It is of varied composition, dependent oo 

the nature of the rocks from which it is derived, and is, at times, 
further modified by the action of wiad'bone material (see Chapter 1, 
Section 1). 

As a rule, the aatuial soil is not more than $ feet thick, and though 
thicker oa the lower slopes of hills and in valleys, it does cot genet* 
ally afiect the sanitary conditions of a building site. 

Uade Qround. Much of the surface soil of our cities and towns 
is a mixture of mould, sand, loam, or clay, with debris from old 
buildings, and rubbish. Generally it has been turned over and 
over till brickbats, broken crockery, and all sorts of odds and ends 
are mixed up with the soil and subsoil. It may be of considerable 
depth, especially where old pits have been tilled in. 

Made ground is not necessarily objectionable for building on, 
cspeoially if it has been accumulated for a long enough time to have 
consolidated. But where decayed animal and vegetable matter has 
been shot recently, it is highly objectionable. 

Authorities vary very much with regard to safe pressure on 
the various materials of which the ultimate foundation may be 
composed, and the materials vary very much as to their capability 
of bearing weight. Hence the engineer should have recourse to 
the latest text-books, by-laws, etc. 

But tlie following may be taken as an indication of the extent 
to which safe pressure may vary;— 


Loamy soil . 

Soft clay .... 
Stiff day ... - 

Rocky . . . . 

Sound clay or gravel . . 

Very fim coarse sand, stiff 
gravel, or hard clay . 


O’S ton par sq, ft. 
t'O 

z to tons per sq. ft. 

.. 3j 
4 n 4 

4 tons per sq. ft. 


Rock varies greatly according to composition, etc. 

Oeseral conriderations may be discussed under the heads of (z) 
Uniformity, induding thinning out of beds and varying resistance to 
pressure; (a) Drainage; ( 3 ) Dips; ( 4 ) Faults. 

Unifomuty. For building rites it is most desirable that the 
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general character of tho ultimate foundation or subsoil should be 
uniform. It is therefore necessary to take into account not only 
the ordinary variations of the different strata, but also the thinning 
of beds which often occurs along their outcrops, as well as those 
due to the shape of the ground. 

Another important point to bear in mind is the varying resistance 
to pressure obtained from diilerent strata, etc. (see above). Hence 
it is very undesirable to build where strata meet, s.g. partly on 
gravel and partly on loam or other material, or to build near the 
edge of an old excavation. 

Drainage. Springs may be expected under the various conditions 
shown in figs, zy to 54. To guard against spring water entering 
under the floor, the site must be adequately drained, as must also 
be done if a building is erected on sloping ground, in order to keep 
out surfacc-water- 

Dips. In preparing a foundation care must be taken to prevent 
the lateral escape of the soil or movement of a bed that dips, as 
well as to provide against any damage by the action of the atmo¬ 
sphere. 

Faults. It is most objectionable to build on or near a line of 
fracture, for not only are springs liable to occur, as in figs. 35 to 36, 
but such faults are liable to further displacement in earthquakes 
or even sl^ht earth movements. 

Bock. Solid rock, extending over the whole area of a build¬ 
ing, fbims an excellent foundation, provided that it is uniform in 
character, thick enough to bear the weight of the building, and not 
liable to be aflected by the atmosphere. 

It is most desirable that the bedding planes of the rock should 
be as nearly horitontal as possible, for if they are inclined, there is 
danger of an upper layer slipping over a lower one. Moreover, the 
expense in leveliiog the foundations in steps will be considerable. 

Chalk varies very much in its characteristics, in some places 
being as hard as rock, and in others quite soft owing to the presence 
of water. The Chalk formation is porous except in its lowest part, 
and consequently water sinks readily through it. but in hollow 
places it may become water-logged. 

As a rule it affords admirable building sites, but it must be care¬ 
fully tested to see if there are any cavities or ‘ pipes ' filled partially 
with gravel or sand. These are not uncommon in the Cl^, and 
lead to sudden sinking of the soO. Again, when the chalk dips 
towards a slope or a difl Into an outcrop of the gault or underlying 
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^y, it is very unstable, aod landslips are likely to occur, as happened 
in the Isle of Wight and oa the Dorsetshire coast, etc. 

Allurtum or Uarsh Land. Alluvium {cf. Chapter I, Section I) is 
composed a mixture of fine materials consisting of sand and mud, 
often described as ' silt,’ and larger materials consisting of gravel 
in every degree of coarseness; carbonaceous matter is often 
included, but as a rule there is not much clay. 

Marsh lands, and the low-lying lands bordering the lower courses 
of rivers, are liable to be flooded and, even if protected by banks, 
are most undesirable as building sites. 

When, however, houses have to be built on river flats, basements 
should be avoided, and the whole area under the floors and walls 
should be protected by an impervious layer. 

Sand forms a good foundation if dry and not liable to be washed 
away; but this eesUy occurs: drains with leaky joints may cause a 
subsidence, or any dUturbance of the water-level in the stratum, 
whether by natural or artificial means, such as pumping operations 
connected with deep foundations, even at a great distance. 

Sand has a tendency to lateral movement, and must therefore 
be confined by sheet piling or other means. These preceutions are 
still more necessary in the case of quicksands and silt, which are 
very treacherous soils and will ea^y yield or slip under slight 
pressure. 

Here, too, it is moet important to exclude water which might 
cause hollows and lead to subsidence. A hollow in clay filled with 
sand or gravel would probably be charged svith a good deal of 
water. 

Sravel. Gravel soils have a high reputation for salubrity, and as 
a general rule they have undoubted advantages, especially as regards 
warmth, dryness, and absence from fog, but in low-iying areas 
they are liable to contain much ground water. Moreover, when 
foul, they are esp^aJly dangerous, as the movements of ground air 
are much greater in loose, porous soils than in closer ones. 

Gravel, when sound, m^es an excellent foundation, since it is 
not affected fay the atmosphere and is not compressible. If it is 
unsound, it may be necessary to act as in the case of loose sand. 

Clay affords a good foundation when it is sound, dry, and pro¬ 
tected from the atmosphere. It is very liable to crack in hot 
''^ther and admit water, when it swells, and the foundations are 
affected. Cay soil, however, has the objection that it retains 
moisture for a long time, and thus the health of occupants of build- 
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mgs m&y be aftected. For the above reasons it is essential that 
thoroughly adequate drainage should be provided. 

Or&vel on CUy. It is often better to build on a day subsdl than 
on a thin gravel or other porous subsoil resting on clay, for the 
former will absorb only a small proportion of rain-water, throwing 
off the remainder, while the latter will hold a vast amount of water 
and act like a sort of tank. Hence, in either case adequate drainage 
is essential. 

Another disadvantage of a thin, porous layer over clay is the 
liability of contamination of the porous layer from cess>pits, sewage, 
graveyards, etc. 

The most desirable subsoil is one that is dry and dean. In rural 
districts the probable dryness of sites may be ascertained by 
reference to the position of springs on hillsides and the height of 
water in wells. 
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rock aepbalt, 233. 
etruetures, coasts 303. 

Artois, 143, 

Aebeetoe, Z13. 

Ash, veleaok, 15,19, 69, try. 

Asia, j, fip. 177. *33-6. 

Asphalt. 40, 233-235. 

roads. 257, 

Aepbalteae. 257. 

AMoaaa Dam. 149. 

Astecphalte. 235. 

Ato^bere, 3-4. 511. 

Atmospheric decay, fit. 

Au 3 «o^bbro, S3. 
peiM. 83. 
schist, 83. 

Augito. 40. 44. 
diome. 115. 
sraaite, 61, 1S8. 
porphyry, 126. 
syaoite. 63. 

Aastialia, 122, 287. 

Aostria, 233. 

Available rainfall in drains^ aieas. 

132-3. 

Avalanches, 9, 263. 

Backs and cuttare. 236. 

Backwash of waves, 294-7. 
Bactsrioleitcal purity of water, 139. 
Be« and belt, 98. 

Ba^tres, 90. 

Ba^ehot beds, 192. 

Baked shale. 79. 
clay. 201. 

Bell city. 203. I 

Sanded sOncture of rods, 33, 115, 
187. 

Barbados. 253. 

Bardigba. 178. 

Barinn. 34. 35. 

Bars at mooths of rivers. 8,12. 279- 
82. 

taady estoaries, 280, 
compel of haid material. 279. 
Barytes. 40. 

Basalt rocks, 59-60. 68. 88. 90, 111, 
117, 174. 249, 

Basaltic aadentas, 68. 

Basaaite, 79. 

Base level of eroaoa, 12. 

Basic rocka, 49, 50, 

Basia, 23,14S, 263. 


Baas or batt, 73. 207. 

Basset, 23. 5 m Ootcrop. 

Bsstard nredaye, 211. 

Bath oolite. 177. 

BatheUths, 20. 

Bauxite, 1:8, 198, six. 

Bayonne, 89. 

Beach material, 289, 291, 303. 

harm done by removal, 30s. 
Beachy Head. 286. 
Beardmore'si 4 n>iu 2 i, 149 
Bedding, beds or strata, «i. 
planes, 103. 
stone, !77, 

Belgium, 172. 177, 287. 

Bermudes (Veoesuela), 236. 
Eerthier's mode of analysis, 221-2. 
&ad, 73, 207. 

Knder course. 237. 

Binding material for roads. 237-3, 
or cemeoting valoe of road aCone. 
248. 

power of clay. 193. 

Biotite, 40, 43. 
granite. 61, 168. 
homfhls. 83, 

Bitter spar, 40. 

Bitumen, 40, 233, 234, 255, 237, 
Bitnminoos compounds, 235. 
limestone. 73. 
macadam. 253,255-6. 
rock, 255. 

Black band ironstone. 78. 

Bl ack cotton eoii 13. 
forest, 263. 
mica, 43. 

Blends. 46. 

Blind wells, 134. 

Blocks. 15. 

Blue bind. 73. 207, 
hearted rock. 57. 
lias lime, 2x3, 222, 223, 231-2. 
stone, 72. 

Bog iron ore, 23, 40, 42. 

manganese ore, 40. 43, 

Bogs, 77 « 

Bole, 204. 

Bombay, 223. 

Bombs, 15. 

Bone h^s, 76. 

B oas es . 20, 52. 

Bostonite. 

Bottoming for roads. 234. 244-3, 
a 53 - 4 < 

Boulder clay. 10. 114, 208, 321. 
Bonndary Imes. tradag, 98<^. 
Bournes, 136. 
fiovey beds. 192. 
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Bnnd ’9 test ofstooe, iSt-S, 

Bruil, 133 . 

Breakers, ii. 394. 

Breccia. 2$. 52. 114. 

Brecciated liaesteoe, 74. 

structure of rocks, js. 

Brick bonifii:. sji. 
earth and uays, 4. 
makiag, 30^21. 

BricJcs acd clays, 290^x3. 

Brighton. 291. 

Bristol. X3S, 177. 

British clays. 392. 

Uffleatones. 232-1. 

Brittle miaerab. 38, 

BrooQte, 40, 45. 

BrcpBubte. 64. 

Brooks. 6 . 

Brown coal, 77- 
hamatite. 42. 
iron ore. 42. I to. 
spsT, 40. 

Bryoroa liueetooe, 177. 

Bn hrslou e. 72. 

Bnildis^, xn. 

Bnildifig sites. 323-7. 
stoaes, 166-88. 
seeeonjoff 283, 

should M placed on natural 
beds. 183. 

Burgundy, 224. 

Burnuib, 333, 

Btttrowing animals. 1 j, 322. 

Buxton, 136. 

By-roads. 230-2. 

Byimabth, 20. 

Caitsmss flags, 281. 

Calcareous clay. 208. 
grit. 23 . 

rocks, 48-9, 51, 73-6, 85, 129. 
sandstones, itt. 
shale, 73. 
tufa, 178, 

Cslcinatioo of cements, 223. 

of luneetones, 216, 22^1. 

Caldte. 38. 

group, 40.. 

CaJciQU, 34. 
chloride, 233. 

Rolphate cement, 329. 

CaloBchiat, 75. 82. 

alnter, 178 (note). 

CaUfonna. 2^. 

Cambrian, 397. 

Cambridgeshire, 227. 

Canada, 233. 

Canal raakiag. xai, 358-60. 

on aide sdepes of valleys, 359. 


Canalisation, 282. 

Capacity of reservoirs, 156. 

of rocks for water. 127-130. 
Capilia/y action. 311. 

water, 311. 

Carbon, 34, 

Carbonaceous limestone. n-$- 
matter in clays, 200. 
rocks, 49. 77. 

abale (bass or batt), 73. 207. 
Oubonatse, 4, 34. 
of lime, 147. 

Carbonation. 4. 16, 83, 323, 

Carbonic acid in watw, 163. 
Carbooiferocs limestone, 177, 227. 
safidstc4ie. 284. 

System, 139, 177-8, 22a, 227, 232, 
Carclarita, X92. 

Cardiff. 229. 

Cartx artnaria. 305. 

Carrara marble, 178. 

CastletoD. 136. 

Cataclastic gnmes. 35. 

Catalonia. 236. 

Catchment area. 146.151,156. 
Caucasus. 236. 

Cauees of success or failure in wells. 
X41. 

Caustic lime. 215, 

Caverns. 5. 

Cavities in water, 19. 

Cawk, 40. 

CdesHce. 40. 

Call alar structo ce of rocks, 3 x. 
Cement concrete, 244, 233. 

grouting, 233. 

Cements, 213. 223-9. 
energy of, 223. 
magnesium, of America. 225. 
natural. 224^. 

Portland, Stt Portland cement. 
Borneo, 2S4. 

Selenitic, 226. 

Cantroclinal. 25, 

Chain, survey, lot. 

Cbale^ony, 41, 43, xxi. 
Cbalcopynte, 43. 

Oaalk, 74, S77* **3. 303. 

foundaOoQ. 323. 

marl, 74, no. 205, szi. 227, 232. 
series. 130, 217, 227. 288. 

Oaalky luneetone. 2x9. 

Cbalybite, 43. 

Chamotte. 204. 

Changes in coast lines, 286. 
in reiativs level of land and sea, 
287. 

in rocks due to interstitial water, 
» 7 - 
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Ch*a^ in rocks due to aftts>mor- 
phism, 39. 

ofi t&e eenh't lerfuft, 3-14. 
within the eertb. 14-7. 

CbsAAols, effect of ^teretioo in 
dlmensioBs, 273. 
nntun of, effect on erosion, 6. 
Cherieville, 363. 

Cherowood Poreet, 170. 

Cbelleston, 239, 

Cbenic*) ectioe of eea-weter, ] i . 
of underground weter, 5. 
cotnpoeitlOD of rainerels, 36. 
or rocks, 49-31. 
of wnter, e. 
decay of rocks, 84. 

Chert, 45, 74, 76, 79, 184 > 

Ckloa. !ft 3 , 055, 

China Clay, 41, 43. 73. soj. 

Clay reck, 193. 

Stooe, 193. 

Chlorine. 34 ~ 3 . 164' 

Chlorite, et, 44. 
faeise, er 
eoblet, 81, jr3, 

Chromite, sir. 

Chyweoa Mervah, 188. 
dj^oo. 178. 

Gaseea lolla, 320. 

Qaatio rocks, 48, 35, 70-3. 

Clay, 73, 117, IS 9 . tM. J03. 
u Undlni Beteiial for roads, 233. 
chemical propertlse of, 198. 
choke of, sie. 
feuodation, 336, 
irenitoas, 110. 
marls, 303. 
preedcel test. aio. 
rsd, in deep sea, 2 a. 
reck, Jto, 
slate. S«t ^aU. 
seUi, 313. 

sebstuKe, 3 io. 
true, 7J. *91. 

CUyita. 73. >91 > 

Clays, ehaiea, slatea, etc., r 79 > 8 c. 
Clays, 190^13. 
conctituenta of, 191. 
effect of heet on, 301*3. 

Inpuhtlea m. 19^01. 
orl^ of. 87, 190*3. 
pore, 190, 
qeahtjei of, 293^. 
varieties of, 303*7. 

CUystooee, 39, 

CJeavaM (4 rocks, 17, 3^31, 179. 
Cleaved s tr uctu re of rocks, 106, 

Cliff detritus, 188-91. 
disintegration, 303. 


cuffs, 100, «86, 302, 408. 

Climate, effect cu. on erosion, 7. 

on rain, i 3 i. 

Qlnkstooe, 67,113, 

Cimocblors, 44. 

ClUiometer, 201. 

CMo«I4 , S93. 

Clots or ^ns, 167. 

Clench, 307. 

Clyde, Ih, 284. 

Coafulatiog chemicals, 185. 

Cod, 54. 77 . 9 ^ 

Measures, 139, 137. 

Coast contour, effect of. 390. 
drainage of, 391. 
erosion, 383*309, 
forces acting on, 388^3. 

Coast lines, effect of wind and tides 
on, sgi, 

miner imgularltles, s88. 
natitre, etc., of rocks, 387. 
neture end situation of, 30a. 
Coastal accretion, 304-5. 
curreats, 306. 

Colloidal state of mineraU. 38. 
Cellywerten elates, i8e*:. 

Celornbla, 133. 

Colofade, S3e. 

Colour of clays, 196, 203. 
of misarali, 38^, 
of recks, 38,9s, 209, 
of sandstones, 173. 
of water. 18^1. 

Columnar structure of rocks, so, 

Coaps^ limestone, sig. 

Compact structure of rocks, 33,208. 
Comparative advantages of lakes end 
roeervoirs, 150. 

Compass, 98. 

Compensation to mlllowuen, etc., 
> 23 ' 

Compton sB?. 

ConcWldal future of minerds, 37. 
of recks, 36. 

Concrate founwtioa, 323. 

m 4 %, 253-4. 

Concreted limestone, 229. 
Concretionary structure of rocks, 35, 
208, 

Coodltioosofffow in rivers, 261*176. 

of surfece waters, 132*3. 
Cenglomerata, 33, 72, 214, 117. 
ConUton grit, 273. 

Connecticut, 60. 

Cenaemara marble, i?8. 
Consolidetion, 21, 353. 

Contact metaicorplilsin. 28. 

Contorted rocks, 25. 
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contour of rivsn, t 68 . 

of 5 uifac« IQ draioaffe of lands, ai a . 
Contours, 99. 

under water, m6. 

Contraction of clays, 195, so2. 

Cool temp^to rogioo, in. 
Co'OrdinatioQ, in coast defence works 
29 s, 3 ^* 

Copper pyritea. 41. 

Co^olite, 76. 

Co^ limesMoe, 7$, 177 
rseft. 15, 

Coralline ooUte, as. 

Cornice to sea walls, 308. 

Comisb stone, 19a. 

Corastone, 75. 

Cornwall, ay, 6 a. 89, 168, 180, xgs. 
Coraite, 54, 64, X15. 

Crest of wave, 10. 

Crecaceons, 90, aji, 287. 

Crevaasee, 9. 

Cnootdal limestoDe, 177, 
Croshan-KlDshela. 26! 

Cross beddiai;, at. 

faults. 28. 

Crosh breccia, 5a. 

Cmshingatreagrtb of stone, 186,248. 
Cmst movemeots, 10,14^,283^,287. 
CrypcocrystaUJne itmcture C4 rocks 
^ 5 *. 64 . 

Cr^tallifie conditjos of minerals, 36. 
limestone, 74, 79, 122, 
aandstone, 117. 
scbisC. 172, 

straccure of rocks, 18, 31, 108. 
Crystnllitss or mlcroiittt, 52, 

CryttaJi. xo8. 

Cuba. 253-6. 

Cnlvst clid, a 36 . 

Cumberland, 180. 

Current bedding, 22. 

Currants, 298-300. 310. 

Curvature. 34. 98, 206. 

Carved face, see walls, 307. 

Dacttb, 59. 68. III. 

Dam. 158. 

DamouKto, 82, 

Dangera to whicb sea walls are liable, 
308. 

Danube, 218. 

Dead Sea. 236. 

DeceyiQS animal matter. 23, 
vegec^le matter. 13, 84. 

Deccan, 60, 

Deep'tea deposits, 22. 

Deep wella, 141. 

Delabole alatee. 180. 

Deltas. 8. aSo. «88. 


Denbi^siure grit. 175. 

Deodiitie structure of rocks. 33. 
Density of clays. 294. 

ofstons. 287. 

Dent marbles, 178. 

Deaudatiea, 3, 310. 

DeoudJsatioo. 4, 92. 323, 

Deposit earned In rivers, 373. 
Deposition by glaciers. 9. 

by running water, 8.170. 310. 
marine, xa, 
of aeneous rocks, 20, 

Deposits, hsmipela^c, la. 
littoral, 13. 
oceanic, 12. 
pelade, 12. 

shallow water {tbaUssic}. 13. 
terrigenous, is. 

Depression of land, 26. 

Der^shire. 177-8. 229. 

Derived ro^, 47, 

Deserts, 71, 122, 

Design of sea walls, 307. 

Destnetive agents adectine stone 

184. 

Determination of cocks, 108-28, 
Detrital rocks, 70. 

Detritne from diSa. 288-91. 

is rivers, 270. 278. 310. 

* Deval ’ stone-tMing machine. 248. 
Development nf hvers. 262. 
Devitrinoation of minereJe, 36. 
of rocks, 3a. 

Devonian. 177, 232, 287. 

Devonshire, 130, 177. 

Diabase, 66. ixx. 212,116, 272, 
porphyrite, 69. 

Diallage, 42, 43. 

Diallagite, 

Diamood, 34. 38. 

Diastiophism, 20. 14. 283-6. 

Diatom 002a. 22. * 

Diatoms, 13. 

Dimensions of river channels, 272. 
Oloas bnck and rock, 202, 211. 
Diopeide, 41, 44, 43, 

Dlonte, 63, 59, IX1-2. X13, 172-3. 
249. 

porphyrltee, 66. 
porphyry, X|6. 

Dip, 23, joo, ro 2 - 3 , 107, 131, 286, 
333, 

joints, a6. 

measurement of, X04. 
observing, and stnke, 105. 
Disintegration of rocks. 83. 89, 
Dislocation, 21. 26-8. 106-7. 
Distinctly foliated rocks. 60-3. 
Docks, Tod. 
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Dolertte. 66. 33 , 116, 172-3, 

M 9 - 

DoIoiOiU. 7$, Xld, 1 X 8 , 

Doloraitic Jimestood, 75, 177. 

Dmm, 35. 

DpOAfiJ. t68. 

'Deny* nachias, 347. 

I>orMt»hln, 298, s$9, 326. 
DovBtbrow M fBalt, 26. 

Dovfiof. 143 ' 

DTaiaaf • aod KdclaaittioB of Landi, 
Si>^> 

Dniaafs, 311-2. 
anu, :j:-3. 
coaftdaat. 313. 
of feoadatleoa, 323. 
of Ufidt. v 6 , 290, 31X-4. 
of roada. 244. 

of lido liofoa of reada, 239. 
of tidal Ufida. 317. 

Dialaiat, 31O. 

aad u^of oUSa. 306, 

Praida, ofioct or eoMt oroaloo, 091. 

ofTocC OB laod lorfaea, 3:8. 
Pradflfif. alt. 

Drift Doodlof, 31 . 

Drift atu8. (14. 

tba. 130, alB. 

Drip watar. J4I. 

DrMtvleh, 22fl. 

Droiy. 54. >69. 

Dry iroauor now, 125. 

DaetIUty of nlaarali, 3I, 

Dadlay cool laid, 139. 

Damb walla, 134. 

Daeaa. Sft Sood*(lui>ae. 

Daakald, 7). 

DuatoB 'alAtaa,' ill. 

Durability of aCoM, 169,171,246. 
Dyho rocka. il. 
aeriefi, 140. 

DykOf aad vaiof, 19, 28, 32. 9I, 
DyBanie action la rivnra, 369. 
D^aaaical gaoloBy, nU, 3. 

fiAare, coaatltaeata of, 34-6. 
plllan, 4. 

£vthqaafcaa. 14. 16. 

Earthwork, uaa of nolo^ for, Xidi. 
Earthy tUuoturo of rocka, 108. 

aurwo of mlaarala, 38. 

EbbiBf aad flowiBf tpriiM and walb 
n«ar aaa coast, tja 
Edogite, 83. 

Ecuador, 233, 

ElSanroaseoca of rocks. X09, 

SEaaiva rocks. r8, 29. 

Igjy.. 89 , .55. 


Elsolitc, 44. 

po^hyry, 66. 116. 

ElasociCy of ounareb, 38. 

Blaterita, 256. 

Electrical pxapertlea of laiasrab, 36. 
Elaoants. 33-6. 

Blevatioa aad sabildooca of land, lO, 
Blvaa, 62, 63, 292. 

Slymm ^nariut. 305. 

Eicbanklag, 316. 

EmbaokoiBata or lovoas. 326-7. 

location, 3(8. 

Batunl, 317. 

Ero«rgaoco of land, 287. 

Enerlnai marbla, 17I. 

EB|llsh Cbaoaet, 130. 

Eoatetita. 41, 43. 

Epidiorita, 82, ixx. 

Bpdota, AX, 

EqiiBCorial EegioB, isx. 

E^Qipmaat for laid, 96. 

BiWbo aad accratioa. 302-3. 
by glacian. 9. 
by ra&olof water, 6-7. 
by saa. k. 
la rivar bads, 970. 

Srosiva aflact of rook forrattion, 6. 

powar of wavaa. 302. 

Erratic blocks, 9, 

Bscarpmaata. 100. 

Bskara, 321. 

Euax, 286. 303. 

Eatuariaa, 9I2, 876, «8o, 890, 306. 
Ealutriaa bads, ax. 

Enrtta. 62, 63. 

EvaporttioB aod absorptloa, 124-3, 
3x^1, 

attact on watar supply, 194. 
from surface of frouad, 224. 
from surfkooa of watar. 123. 
lots, 184-3,133. 273-6. 

Svaa fraetora mlaarals, 37. 
rocks. 36. 

Eys itractora of rooks, 56. 

PAftou in raclaotttion work, causes 
of, 3x4. 

False baddiax. 21. 

Pa&s. alluvisi, 8. 

Faroe Islands, 60. 

Fasciae. Isyan of. 240, 
xnattrese work, 309. 

Fat and lean days, 193. 

Unas. 2x3, 2x4. 

Fatty lasfra of minerals, 37. 

Fault line, 16, 28, 
plana, 26. 
sprixigs. 238-40. 
throw of. 26. 



INDEX 


885 


Faults. 17. 26, 98, 161, J66-7, 325. 

OaeiAg, 107. 

Fe«l gf rocks, 58, Z69. 
f«Uite, S 9 ' 65. 87. 116 - 1 . 

FeUitic matter, $4, 39. 

rbyoUtes, 59. 

PeUpan. 4. 41. 60, 86. 
p^byry, 67- 
rocK. 116 . 

Felspathlc eompositioc of rocks, 49. 
Febtooas, 39. 63. 

Fens, 77. 

Ferrates. 35, 

Ferric hydrate, 57. 

35. 57 « 

Ferrous carbonate, 37, 78. 

oxide. 35. 

FerrocreM. 338. 

Ferromague&iao group. 62. 
mica. 43. 

Ferrosoferric hydrate, 37. 
oxide. 3$. 
phosphate, 37. 

FemgiBous rocks. 77-8. 

Fertility of smIs, 331. 

Fetid limestone, 73. 

Fitnous structure of rocks, 56. 

Field book, 100, 336. 

geolOCT. 95 . 97 - 118 - 
Pue, 178, 333. 

Fire clay. 87. sod, six. 
rearbis. 178. 
stones. 69 , ott. 

Fissile sandstouas. x8o. 

Flags, flagstones, 7s. 179, 

Flaky clays, 307 . 

Flaaborougb Head. 286. 
F1aser>gabbro, 83. 

gneiss. 83. 

Flash settuf. sag. 

Fleetwood. 390. 

Plenble minerals. 38. 

Flexure, 34, X07. 

Fliot> 37. 45. 74 . 7^. 93/ *ii- 113. 184 , 

*48. 25*- 

clays, 207. 

Flintshire, 333. 

Flinty vegetable accumulations, 13. 
Ploaciag bricks. 213 . 

Flood waters, 283. 

Florence, 87. 

Flow of Streams and rivers, 148. 
of snrface water. 132-3. 
of water in rivers, 346. 
Fluctuations of flow in rivers. 274-8. 
Fluidal or flow structure of rocks, 

_ 54. 56. *67- 

Fluorescence of mmecals, 36. 
Fluorine, 34-3. 


Fluorite, 43. 

Fluorspar, 38. 43. 

FluviatiJe deposits, si. 

Flavio*^acisl drifts, 9, 331. 

marine beds, 2X, 

Flux, S92. 

Fluxion breccia, 53 . 

Folds. 17, 34. 

Foliated rocks, x&. 308,1x3. 
Foliation, 17, 38, 56, 3 o. 

Footings, 333. 

Forammiferal Umsatone, 177. 

Forced waves, 294. 

Forelands, the, 386. 

Foreehore material, 391. 

Forests, 23, td, X 34 r 285. 3S2. 

Forms of bedding, 3X. 

Fossils, 98. lez. sax. 

Foundations of buildings, 323-7. 

of roads. 234. 

Foyaite, 63. 

Fracture of minerals, yd-?, 
of rocks, 56. X07. 

Fragmental rocks. 18, 55, 70-3, 
ze8-9. 

Fragmentary materials from volca¬ 
noes. 14-5. 

France. 89. 224, 235^. 

FraogibUity of minerals. 38. 

Free soils, 313. 

waves, 392-3. 

Freestone, 72, 91. 

F^eahwater portion Of tidal rivers, 
276. 

Friability of minersls, 38. 

Friction breccia, ya. 

Frost, 8, 84, r6d, 587, 3x0. 

Fuel. St» Kilns. 

FuUar's-earth, 87. 90, iiz, 307. 
Furnace Loch^rnaaide granite. 16^. 
Fusibility of clays. 202, 

Fusion range. 202. 


Gannno, 64. 87. zii, 115, 272. 

Galasblels schiM. 181. 

Qaonister, 73, 3x3. 

Gault. 192, 327. 

Genei^ field procedure, xoo. 

Geneva, 133. 

Geode, 32, 167. 

Geological considerations rs building 
stones, Z&6. 
re coast erosion, 303, 
r« coast bnee, 287-I. 
re drainage areas. Z34, 273. 
re formarion of river bed, S84. 
re impoundixig reserv^rs, 256-8 
re road alignment, 335. 
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Geolofical tli$aibutioB of UmBdtojie?, 

«fleet of earthquMM, z6. 

«S9ct of strata in dralna, 313. 
maps. 97. :44. 134. 
obiMvactea, 9^118. 
pUa. 97 < 
wctSosa, 9?. 

sorvsy pnllniaary stud^, 97^ 

JOI. 

nrvsy of rivsra, 383. 

Gaologiy, braacbea of, jodt 
dsdmtios of, 3cd. 
praetUal uias of, xxi. 

Garma&p, 63, 337, 333-6. 
cuts. tsj. 

Glallo*aaaeo, 178. 

GiaBt's Caas4way, 33, 6S, 

OUsonita, 336. 

GtadaJ dopodcs. si. 
drift, 303, 33 T. 

Parted tda, 33 f. 

Mila, 33^1, 

Gltclax rtvar, 9. 

Claclarv, 9. 

GIsDca ^ceb, 33d. 

Claaswort, 313 
Gkaasy laatn of Biinarala, 37. 
rocks, 33. 

state of nioeraU. 36. 

GlaacoBita, 43. 

GUattrloi or gUmmeria; latenaity of 
lustre, 37 
Globi|arlaa, 13. 

Gbtm, 333. 

Gaeiaa, 80, 1(3.171. 

decenpodtioB if, 89. 

Coeisaoes iruita, di. 

Gone, 303. 

GosNf, > 39 ' 

Cradatioo, work of the Ma. to. 
Gtahaaite, 336. 

GrtAlte, 30, 60^, ita, 113, >47, idd* 
70, 34 ^' 
ebaraeteriatlea. 167, 
cbaatcal conipoalaoo, ld8. 
decofopoeitloB of, 88. 
dlstributioo of, 170. 
leologioal age of, 170, 
gnlA ef, 167. 

of, 30 . 

mioeni coutitMBta of, 167. 
mode of deeeriptioa of, 167. 
physical chsActara, 169, 

P^tpbyry, 59. 83, tiO, 171. 
proper, 61. 
oaarryiA|, 269-70. 
nft ia. tij, 
nia oS £r^. 147. 


Granitic gneiss, 172. 

Granitite, Oi. 

Granitoid rocks. (70-3. 

Graoopbyre, 39. 

Grannlar atnctoro of rocks, 31. 
io 3 ^. 

Umeatone, 319. 

GraAuUte, do, 83. 

Graphic graaite, di, 89. 

Graphite, 34. att. 

Gravels, 114, ii?, 138,331, 336-7. 
GravitatioB aasl^ atmoa^erle de* 
cay of rock, 83. 

Greasy lustra, 37. 

Greece, 179. 

Greealaod, 387. 

Creed rocks, 91. 

Greeasand, 41. 

aeriss, 130,331, 367. 

GreeoitOM, 59, do, 87, 278, 3I4. 

porphyry. 116. 

Greeawlcb Observatory, 234, 

Greisen, da. 

Greywaeke, 7a, 

Grit, 79. It*. X17, 173 ' 

Grog, 304. 

Grouod'maae. 33. 

moraine, to. 

Grewanstooe, 193. 

Groynes, 300, 30^9. 

Guaao, 76. 

Gnarosey, 89, 

Gypeeoni conpoeltion of rocka, 49. 
O^ium, 4,4s, 73-d, 110, 113 , 3a9, 

Hackly aurfaee of minerals, 38. 

Hade, 8^7, 

KacDatite. 38, 43, xto. 

Halite, 43. 

Halogeoi, 33. 

Haai Hill stone, 277. 

Haamer, 98. 

Happisbnrgb, 303. 

Herooun, aod, M3. 

Hardness, Uohi' scale, 38, 
of miaertli, 36, 38. 
of roadstooe, 34&'7. 
of rocks, 5d, 209. 
of water, x^-3. 

Harsh feel of colnsraU, 38. 

Harwich, 324. 

Hawick schist, i8r. 

Headlands, 386-7. 

Haaltb, eSsct of water on, 163. 

Heat, cbaares tn rocks duo to, td, 
84. 

Heather, 303. 

Heavy spar, 40. 

Heid^b^, 91. 
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HcoucrystAUifie stmctan of roek», 
5*. 54' 

Hwajpelapc deposits, it. 

HUtoricel xoi. 

Hodb«XTow Irob Miae*. 3 <5. 

HoUaad, 287, 316. 

HolocrystaUine rocks, $t, 

Holy Moontsla, 91. 

Hofiiogeaeity in briekmekiag, axo. 
Homogefieous structure, loS. 
Honducss, 335. 

Honbleode, 39, 43, 61. 
acdesite, 68. 
basalt. 68. 
diorite. xxj. 
gabbro. 64. 
gaeiss, 8t. 
graute. 61. 168, 
pQipbyritM, 66. 
rOCa. IT!, 
scbist, 82. 

Syeeite. 63. 

HonblendlCes, 64. 

Horafels. 83. 249. 

Hemstoae, 29. 43, 113. 

'Horses’ (ndgee of day). 360. 
Horsbam stone. 181. 

Hot deserts. t33. 

Homber, R., 278. 

Ha VOS. 23. 77. 

Hoofary. 253. _ 

Hwoog Ho or Yellow River, 318. 
Hydrargillite. X97< 

Hydration. 4. 16. 

Hydraulic engineering, axi, lai. 

C ieot, 132-3. 

I. *14, 2x7-8, 230 . 
surface, 132^. 146. 

T^faukdty, limes, etc.. 2x3. 
H^ro-carbM, X09. 

Hydrogen, 34-$. X09. 

Hydrcpstatic force. 143. 

Hypabyesal or dyke rocks. x8, 19, 
63-6. zx6. 

HyperstbexM. 42, 43. xxx. 
I^perscbenite. 64. 

Ici, 9. 3io> 
sbests. 9. 

IdioQorpble, 54. 

Igneous rocks, 18, 47^, 52-5, 59^9. 
85-90, XXM. i«9.18^4 
]unetlonj of. ti5. 
origin of. 47. 
varieties of structure, 33, 
Hmenau. 61. 

Ilmenite. 42. 77.199. 

Imblbitira. 127. 

Impounding reservoirs. 150^. 


Impurities in days. 296-201. 209. 

in water, 228-9. 

Inclisatioii of rocks, 23, 202. 

India, S9. 274.185. 

Indian lioeetones, 233. 

Territory, 256. 

Indications of nature of rocks, x 00. 
Indoor work, 95. 

Indurated talc, 82, 

Indos. R.. 149. 

Ingleton granite, 166. 

Inlets on coast, 287. 

Inlier, 23. 

Intensity of lastre, 37. 

Intermediate group of hypabyesal 
rocks, 65. 

of ^eous rocks. 50. 
limes. 2x4. 

Intermittent springs. 136. 

Interposed strata, 22. 

Intrusive rods. 18-9. 98. 
Inundations, prevention of. 282, 
Inverted fol4 23, 

Ireland, 6z. 177. 180. 233. s88. 

Iron, 34-3. 4«. 58. *98 
bisulphide, 91. 
pyrites. 43, 91,198. 

Isle of Man. 90. 
of Sheppey, 224-3. 
of Wi^t, 2$6, 326. 

Isocblot^ 165. 

IsocUonl. 25. 

Italy, 90, X77, 179. *55-8. 

Itsasson, 89. 

IafaK. 235. 

Jasper. 79. zii. 

Jersey, 89. 

Jetties. 300. 

Joint action of waves and currents, 
299. 

Joints. 17. 

and disintegration. 84. 
of aqueous rocks, 21, 25-6. 98. 
of igneous rocks, 20. 
of Uinestone. ^[4. 
of metamc^bic rocks, 31. 
unction of rivers with the sea. 278. 
uxaasic, 232. 287. 

Kaksar, 233. 232. 

Kaolin. 43, 73. 86. 191, 203. 
Kacllniaation, 190. 

Kaolinite. 73, 191. 

Kaolinitic mattM. 73.191. 

Keene'e cams&t. 229. 

Kendal schist. tSt. 

Kent. 92 . 

Kentish rag, 177. 
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K«fltDclcx, <i6. 

Kermnite, 8o. 

KMwick tehift. x8t. 

Kiliu ftod fdti for c1a7» 211. 

for iUM, 380. 

KlmsMridfo etof, 91-3, 331. 
Kidgabftriu {FUb), 178, 

Kir. 336. 

Klrkby-Tboro. 239. 

LAV>u»olti7t. 41. 45. 67. 

1rirlitM, 19. 

LuCQltrittO d«IK«it3. 31. 

Ltko Diitnct. Xdo. 

Lgkm. 8. X30, X33-6. 

Liia<1l4r UoMtoft*. 319. 

3(. Ir 

T.a»fL<f.fctf4 mcCun. 33. 

L40iora« inait*. 89. 

LAmprophyrM, 83. 68. 

Laa*rkiiKlro. 333. 

Lud dniUfO. 310^. 
dovation ud labitdooM of. 16. 
proJ«etl08i. 386. 
roolkafttlOB. 3 >4*9. 

Lap6m. opbJto. 338. 

LudicaM marblo. 34. 178. 
laad’* £ad. 88. 

U»d4lJpi. 3, 303*4* 

Laotlu i7«Q<t«« x?o. 

LapUU.13. 

LapU olUil8« 8«, 

LaUnJ Mali. 383. 

UWrtc*, 90 . X74. *97. a08. *3®* 
LaarvUdU. 63. 
lava. X4, rot. 175. 
traabytio, 81. 
vltmaa, 88. 

Laakan la eaixaJi. 839. 

Laas ^71. :63. 

Lalcaatanhira. 173. 833. 

Lalaatar fraaiCa, (61. 

LaeUcvlar. 33. Ii. 83. 

Laadto baaaJt. 68. 

La^^oM. 317. 

Laval. lot. 

Laval pi*ia coaatJiae, 302. 

Uaa Uau. 9w. x3x. 33 x, 

Uaaaie. X77, xoi, 334,337. 331. 333. 
Utbaai. ^4. xia, 380. 

lifa. 3. 

ti|htalng, afiact Of, 83. 

Li^te. 77. 

Ua»a. lit. 3x3^. 
adnijrtwa wHb aabaa. 230. 
fraaitaa. 169. 

cbami^ xtatare <k atoaai fur&iah* 
lag diftannt aorta of. 319. 
claiaifleataoa of. 2x4. 


Lima, combiaatlon with water. 3x3. 
coacrata, 244. 
for plaattf. 221. 
hydnoHe. 314, 317-8, 

Ixiduaaoa of cuyay matten. 3x7, 
ixkfiua&ce of heat oa allicatea, 
118. 

iaMrmadiaCa, 2x4. 

Idloa. ate,. 220. 
rocombiBatioa with CO|. 2x6. 
Teadag. S«» Toatlag Umaa. ate. 

Lima eoQpouAdi. 198. 
falapar. 41. 
rocki. 139. 

Llmaa. camaata aadplaatara. 2x3-33. 

Llmeatoaaa, 73-3, xro. 1x2, (24. 
aa buUdlag acoao. >76-7. 
aa road atOM. 348. 230. 
chemically formed. 177. 

8old avamioattoo of. 118. 
fomatlon of. 13. 
gaologteal dlitnhottoiL 830-3. 
utbolofical eharactar. 176. 
mataBorpheaad ioto marblat. 29. 
00 aaco&oary roada. 230. 
orgaeJcally formad, 177. 
phyaleal qualldaa, 176. 

poafCfOB of. 232. 
atrufltara. X77. 
aubdivU^. X77. 229. 
waatharlbg prmrtlaa of. 182. 
yiild of water non. 131. 

Lmxogaa. 6x. 

Limoalta. 42-3, 77. 

Lipaxita, 66. 

Lithium. 34. 

Utho id al rocka. 32. 33. 

Litbolofloal ohar&ctar of rocki. 174. 
276. 

Lithology. 33. 

Uthoa^ga. 37, (74. 

Litheapbara, 47. 

Littoral eurraata, 11. 
dapoalta. (|. 
drift. 12. 2l^i. 

Uv«t rock. 173, 

Llvlxig orgauuma, 13-4. 

Loam, 73. 206. S06. 303. 

Lodia. 98. 

Loaaa. 3, 205. 
man, 205. 

Loodoa clay. gs. 192. 294. 224. 233. 

»* 7 i 3®3 

Long ela^ 193. 

Losgitudiiial worki for coaat pro* 
tectioft. 306-7. 

Lotbi&na, 233. 

Lumachalla. 178. 

Luoe Deepa. 269. 
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Lastra of i&inerals, 57. 

of rocks. 56-7. jog. 
LnttTS'XDoCUBf. 116. 

LuxolyAcite. 62. 

Lyd^ etooe, 29. 45, 79. 

Lydite. 79. 

Lym« (filyrnw onnanus), 305. 
LynisBe^, 233, 

Lyzis WeU, 36^ 

Uacaaam. 24&«50, 
dscompositioB of. 346. 

Made fToufid* fboodedops, 324. 
Ma^ma. 48. 32, 
bUgaesia, 33. 3xi. 

Ma^siao Umeetooe. 75, 13X, 139, 
*77. 284- 
imc*. 43. 

Ma^eaite. 40. 43. 

Ma^estuBi, 34-3. 199. 

ceaeots of America. 335. 

Ma^etie iton ore. 42. 

Ua^attao of rooks. 58. 

Ma^etioe, 42'3. ?7. 2x7. 

7a. 287, 

MaUaaMliCy of miaeraJa. 38. 

Ualms. 206. 

Maltha, 233-^ 

Mac iatenerea with Katuro, 13. 
UaAohestar waterworks. 157. 
Maodelato. 178, 

Maaf aaeae. 34-5. 43. 

Maagaatte, 43. 

Maagrove awaiopa. 13. 

Maojak (BarbadW), 238. 

MaaCle reck. 47. 

Maps. 98. 

MaibUa. 29, 60, 222. 278. 178-9. 
Karcaaite. 43. 180. 

Harlae deoG^cioo. 10, 12. 
depots. 22, 
eroaioD. 292-302. 

Marl, 73. 228, 203, 3o8. 
alate, 73. 

UarruxB grass {Psamm^ etrsttaiia), 
292. 303. 

Maiah land. 303, 326. 

Marbs'a cemeot. 229. 

Maas coacrete. 308. 

Maeti v*. Qiijierals. 36. 

rooks. 18. 52. 

Master f^ts. 28. 

Material carried in aaspea^on, 271. 
transported by water, 7-8, 370, 
274. *99> 

Matrix. 72. 

Maximum, t***" oiiaimum &11, 
i23-4< 


Maximum, ^d minimum 

velwitr of water. 267^. 

Meagre feel of minerals, 58, 
of rocks, 109. 

Meander, tendency to, 8. 

Mechanic action of sea-water, rr. 

Mediterranean region, 222. 

Medium limes, 224, 

Medway. R,, 192. 227. 

Melaphyre. 69. 

Melbourne. 125. 

Msndip granite. X66, 

MerocrystaUiae structure of rocks. 54. 

Mersey. R., 269, 278. 

Metallic lustre of mioerals. 37. 

MeCamoTphic rods. 18, 38^2. 48, 

51. 35-6. 78-83. 98. 

elassifieatioa of, 78. 
varietlee of structure, 33. 

MetazBorphism, 17, 28. 

Meuse, R., 263. 

Mexico. 233, 

Mea^halts. 233. 

Bdiascite. 83. 

Mica. 43. 60. 214. 184. 
dionta. 215. 
gneisB. 8x. 
por^yrite. 6d. 
schto. 79,81-2,113. 249. 
slate, 79. 
syenite. 83. 
trap, 66 , 273. 

Micaceoiis oompesitioA of rocks. 49. 

Micas and tolea. 43. 

MicTocliae, 41. 44. 

Microorystalliae structure of rocks. 
3 *. 54- 

Mico^felUte. 39. 
granite, 39, 63, 65. 
pegmatite. 62. 

Microlitsa, 32. 

Mild clays. 194. 

Millsfiooe grit. 229, 157, I73. 

Mineral constituents ^ rocks. 50. 
forma. 36. 
veins. 29. 

Mineraiogical compoutioa of cocks, 
49 . 5 *. 

Minerals, 33-46. 

fh^mfgfll composition of 33-6. 
depoaita, 98. 

dUtii^isbing characters, 33. 
injurioos to stone. 184. 
physical characters, 36. 
rock-forming. 39-46. 
study of. 33-8. 

Minette, 63, 173. 

Minor irregulariti^ of coast'Uue, 286. 

Minsmere, 303. 
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MioccM. 90, 

UiuiMippi, R., 272. 

MtfSouJi, EL, 256. 

Uix«d smU. 3EJ-4- 

MoUusCT, 284, 293. 

Uoaoclififtl. 25. 

Monsoon, 12%. 

UoAxofiite. 63. 

Uoorvm, 252. 

Monioes. 321. 

Uc«MS, 13, 84, 320. 

Motion of watnr in riv«n, 266-^. 

MonnUin pniwn, 243. 
roads, 24i>3. 
tonants, 263. 

Mod, 70. 
d«ep-*ea, 12. 

Muddy atruotnin of rocks, 33. 

Uadscoae. 70, 73, zio. 

Muscovite, 44, 
biotite Bxaiiite, 1&8. 
fiaaite, 61, i6d. 

Mylonitic structure of rocks. 36. 

NacMOVS iQStK, 37. 

^apoloonite, 64, 

Natunlprotscboaof coastdine. 303-6. 
reclamation, 313. 
reaarvoiis, 133. 
soil foaadation, 324. 

Kecks, 19. 

Keedlee, The. s 83 . 

Keocomian, 292. 

KepbeUne, 44- 
oasalt, 66-9 
basanite, 69. 
syenite, 63. 
tepbrite, 
trsebyte, (7. 

Kepbelinites, 69. 

KevadJta 67. 

Kawhavee, 391. 

Ke* Red Sandstone, 229,130.175, 

Kew Zealsad. 242. 

Kile, R., 249 » J 79 « * 

Kitric acid. 109, 

Kordmaikite, 63. 

Korfolk. 303, 305. 

Konte, 64. zsy 
porphyrites, 66. 

Korthomberland, 233. 

Konmy, 60, 63. 

Note-book. 98. 

Nammulitic boustone. 177. 

Obli^vb waves, 296-7. 

Obsidian, 13. 67, 123. 

Ocean correata, zx. 

Oceanic deposits. 12. 


Ochre, 42, 44. 204. 

Odonx of clay, 194, 
of water, 159-^. 

Oil for roads, 233. 

Oil shales. 73. 

Oiliaees clay. 294. 

Old Red Sandstone, 232, 

Oligoclase, 41, 44. 

Olivine. 44. 
basalt, 68, 
gabbro. 64,1x5. 

Onyx marble, 278. 

Oonte, 74, 2t8, X77. 183, 219. 

series, 129.131,292. 

OoHtie stractore, 33. 

Opal. 37 . 44-5« 

Ophite, 89, 236. 

C^hiUc, 34, 

Optical properties of minerals, 36. 
Orbicular structure of recks, 34, 115, 
167. 

Orbite of perticles of water, 266, 
Ordinary springs, 134-3. 

One. 

Organic action on coast. 291—2, 
matter In clays, 200. 
in water, 264. 

Organisms, living, work of, 13-4. 
Ori^Q of coast-unes. 283-7. 
Orthoclase, 38. 41, 44. 

porphyry, 59, 63,120-2, it6,171, 
Orthc^yre, 65. 

OaciUatioB of &Dd level, 13. 

of particlee ef water, 293. 

Outcrop. 23, too, xo^^, X32. 
Outdoor work, 93, 97-118, 

Outlet of Spring, 135. 

Outlier, 23. 

Outline of sea-coeet, 285. 

Over*clayed cement. 22!. 

Overfolds, 23. 

Overlap, 24, rod. 

Over-braed cement. 228. 

Overtakiiig ef waves, 293. 
Overthrust. 25. 

Oxford Clay. 92, 222, 232. 

Oiddatioa. 4. 84, 323, 

Oxygen. 34-3. 


Pai^somtoloov, 96. 

Paleoznc, 304. 

Palagenice, 68, 90. 

Rarugonite, 8x. 

Panan cement, 229. 
marble, 178. 

Paroxysmal movements. x6. 

Partially waterproof ree^, 245-33 * 
Particles of matter in aospansioQ. 
motion of. 272. 
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ParticlM of w&t«r^ rotary motioa of, 
^66. 

Pftrti-eoloorod mubie. 178. 

Pau, $0. 

Pwfrtt. 74. 

Peoil-iptr, 40, 44, 

Peat, 77, *87. 

nowes, 15. 

Peaty soile, 313-4, 

Pebbly of rocks, 53. 

Peevuitite, bi. 

PusM depoeits, 12. 

P«li& Mnctore of rocks. 55. 

Penif, br 
PeoaiDe, 44. 

Peoasylvania. 227. 

P em yu . 8g. 

Peperites (Auvergne), 256. 

Perched blocks, 9. 

PerccUtion in dralfuge areas, 134,275. 

OB shores. 295, 

PericUnnl dip, 25. 

PerldotitB, (4, 80. tib. 

Perlaite, 64. 

Perlick structure of rocks, 54, 

Parsis, 235-6. 

Pem. 255 " 6 . 

Pervious between impervious beds, 

*$5, 

on imperious strata, spriags, 234. 
Petit granite. 167, 177. 

Petrography, 33. 

Petroleoe, 257. 

Petroleum re^ue, 257. 

Petrological geology, sdi. 

Pettok^, 33, 59. 

Petuntse, 192. 

Petwortb marble, 17$. 

Pheo QCi ' vsta , 34, 116, Z17. 
Phlogopite, 43-4. 

PAoIm d^fifylus. 184, 292. 

PhonoUte, 122, XI3, 174. 
^loephate vf lime, 39. 

Emphatic cocks, 7^. 

Phojptaatite. 76. 

Phosphorite, 76, 

Pbosphoms. 34 *- 5 > 

RtylUte, 79. 113. 

I^yticsJ characters of mmerale, 36. 
of rocks, S6-8, 7f 
coBditMii ox tid^ nvan, 276-9. 
tests for road stose, 247. 
PbysiOffrapbic coosideratluis re coast 
uses, 287'-8. 

HedmoQC, 63. 

Piers, xa. 

Pier woxks, effect of, 303. 

Pipeclay, 204. 

Pisolite, 74, zt8. 


Plsolitic Lmestone, 74. 

stmeture of rocks, 55. 

Pitch. 234 . *57, 

Pitcbstone, 67. 115. 

Place bricks, 200, 

Plagioclase, 41. 

Plsila ofmannedeaudatioQ, X2. 

Plan, preparation of, 99. 

Place of saturation, 126. 

Plants, x|, 77, 83, 29«, 320. 

Plaster of Inris. 229. 

Plastecs, 213, 229. 

Plastic clays, 208. 

Plasticity of clays, 293. 

Plate or shale. 73, 207. 

Pleoobr^m <if i^erals, 36. 
Plicatioo, X7, 25, 

Pliocene, 303. 

Plottii^, 101. 

sections, xoi. 

Plugs, 29. 

Plunge of breakers, 294, 296. 
Platonic rocks, x 8 ' 9 . 60. 

Pocket lens, 98. 

P^tdlitic stmcture of rocks, 54,1x6. 
Polarisatiou of minerals, 36, 

Pools in rivers, 269^70. 

Poor limes. 2x4, 2x9. 
Porcelaio-jssper, 79. 

Poroellanjte, 29, 79. 

Porosity of stone, z86. 

Porphyrites, 66, 68, ziz, 116, 172. 
Porphyritic gra^te, 6x. 

structure of rock^ 54, xx6, 16?. 
Porphyry, 65, in, 2x6, 271, 249, 
Por^ud cement. Z92, 223, 223-4. 
226-8. 

clays for, 327. 
comp<mtioo, 236. 
matorials for. 226. 
proportiona of ingredients, 238. 
Portend stone, 277. 

Potability of water, 159. 

Potash fdspar, 41. 
granite, 169. 
mica, 43. 

Potassium, 34-5. 

Pot-holse. 6. 

B^tstone, 83, 

Poszolaaa or Pozsuolaoa, 69, 217. 
Practical uses of gralogy, 
Pre-Cambrian Period, 304. 
PreUmioary recoxuaissaoce, 99-too. 
traverse, 99-ico. 

Pressure causes changes in rocks, 27. 
Piopylites, 68. 

Prospecting for water, 244^. 
Protected outer daoss, 306-7. 
Protective measuree. CMSt, 305-s. 
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fuelM, 32 . 
frujt«, ot. 

Pnuu. 270. 

annaris, 305. 

PwzvfDJtk ttroetim of rocks, 55. 
PMOdOBOXpUc liBMStOM, SIQ. 
PiiIoiD»I«Ae, 43-4. 

Ptsropod OOM, 14 . 

Piid 4 ia|itoa*, 73. 

Poddloo diy, 438^. 

Polvtniloot. 36. 

liBWtOM, S19. 

Pacik*. 13.11:. 

PoBUcoool ttruetar* of rooks, 34. 
^b«4k bsds.:??, 178. 

PuMt wstsr, 159. 

Porlfylfii cUyt. si 2. 

PyrsMM, 60. 39. 

Pyrlts, 43. 44. »So, 134. 

^rltoBS ooapositioB of rocks, 49. 
Pyrodutlc Mdunsats, 19, 70. 
PyroIaMt*. 43-4. 

PlTOXSftS, 44. 

dlortts, 64. 

PjrrokselMt, 64, 1x6. 


GUAUYIIS of cisys, 293-6. 

of slsta, z 3 o, 

QssUty of wstar, 138-63. 
io rivon, 14^7. 

QusoUty of wfttsr dwlvsbls from 
WSUI, I 4 l. 

S s^U'VtisB 35. 

srry s»p orwatsr, 9,137,170,183. 

AU. t$ 4 , 

Oo*rryla|, 

Qasrtt, S 9 . S?. $ 3 . 49. SSI. 
M6«ctt*. w. 
diorlto, 63. : 15. 
doUrlts. 66. 

AliltS. 59, 63 , 64 . 
porefeyry, 63, 66, xxs, xi6,171. 
rock. 78' 

schist. 39. 79, 213. 

trsebyts, 66. 

Qosrtilts. « 9 . 45. ?*. 76. *:s. X 79 . 

349. 

Qnirtxots composltioa of rocks, 49. 
aui6s and ssAdstoQM. orixlii of, 
38 - 9 . 

Quicklime, 323, 315-6. 


IU&i0C4tJ4J« oose. 12. 

RtJB. 4. 6, X2X. X 34 . 153. 

Rslaftil. 5, 23T-4,153, 310, 312. 
UOOUAt of. S74. 
effect oa Usd drsias. 3x8. 

OB rivers. 361, 374. 
in coaJoT cUmtlc regions, X 3 i- 2 . 


Rsiofsii, physicsl ccaditioQS, iss. 

vsrisriraa of, 133-3. 

Saia gsugoi, IS3. 
qoeQti^ of, 23 X. 
wash, 4. 

>vater, dlsiBtegrB.tl&g effect of, 84. 
Raised beaches, 387. 
Rapid'bardenia? cemeots. 228-9. 
Rapldi, effect a, S63. 

Readiag beds, 192. 

ReelamatioB of Iseds, xad. 3(4-9. 
of river leade. 317-9. 
of tidal laads, 314—7. 
RecoBstissaaee 1 & uo field, 9^x00. 

for oew roedi. 233^. 

Red days, is. 

3 . 93. 

stoAe, 139, s 87 . 

Reddle, mddle or red ochre, 48, 45. 
Rofrsetien of mlaerale, 36. 
Refrsctoriaese of clay, 195. 
Raftactery mstarisls, 321-3. 

Reglne of rivers, 261. 277-8. 
Regioaal metamorphiim, 39. 
RegulttioB of riven, xxl. 383-4. 
Rent. 13. 

Relation bstweea Igeeeus, A^ueoBi, 
and Metunorpbic Rocks, 31-3. 
Remedy for leakage \n eaaali, 339. 
Retarvoiri, imponadifig, i3e<‘8. 

storage, 38a. 

ReelBoui lustre. 37. 

Reslitiag power if rocks to waves, 

Rstardfeg ^ee la rivers, 367. 
Revexied faults, 37. 

RblBS. R.. 363, 382. 

Rh6ae. R., 133, 37a. 

Rhyolite, 66, iij, 116, 174. 

Ribbla, R.. 378. 

Ribboned atructore of recks, 53. 

Rice arass (Spsriiita), 305. 

Rich liiaei. Si 4. 8x9. 

Rift in Braalte, 167, 

Rift vsJIsys. 363. 

Rigidity of minerals, 38. 

Rio de Tanelro, 89. 

Rjpidolite, 44, 45. 

Rm and faO of sea'level, 398, 

River basins, 363, 
bed geological formation, 284. 
detntus, 289. 
fidctnaticns in fiow, 146. 
improvement schemes, 283-4. 
schemes for water supply, 148. 
terraces. 8, 362, 264, 317. 
undulations, 263. 
valleys, 146, 3^-3. 
water, 159. 
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Riven. *46-50. ^61-84. 
depoMt cMTied by. £72-4.' 
developcaeftt of, 262. 
eouilibriqui in. 262. 

{i\i of, 263. 
flow of water m. 146. 
motioc of water in, 266-0« 
pb7«cal characteristica, 261-2. 
pbyaiographic cooditio n a. 261-6. 
aelf.pun£catieft of. 147. 

Dpper and lower portioaa. 265. 
Road conetructioD, 234-45. 
covehcfl, 234. 
cottin^, 236-7- 
eo^oeering. 234- 

fomatioo or lab-grade suface. 234. 
maJdng, vii. 

need for sdenti£clccowIedge, 245. 
Road* and canals. 234-60. 

in Canada, 244. 

Robscbuta. 87. 

Rocb«9 0iontonn6ea, 9. 5^3. 

Rocmac. 253 

Reck asphalt mastic and powdat. 255. 
bind, 73. 

boring or^^sms. 20*. 
decoEopovtion. 83^3 

dehniboa of. 33. 47. 
fonniQ|! miners, 39-*46. 
feuadaticio. 325. 
gypaum. 42- ^ , 
oz na^ve asphalt. 255. 
salt, 4s. 45, 73. 

Rock*. 59-63- 
changB* in, 16-7. 
eomp^Con of 85. 
determination of 108-18. 
easily distinguishable charactera, 
108-14. 

formed by chemical or organic 
agencies. 7^8. 
indications o( nature of 100. 
mode of or^in of, 47^. 
texture of, 85. 

Roman cement, 213. 

Rome. 69. 177. 

Romney Maiab. 326. 

Roofing-tile clays. 209. 

Roeso-aotico. i?8. 

Rotary motion of water, 266. 
Rottenstone. 29, 75- 
Route, aelsetion ot 241. 

Robber for roada, 253. 

Ruddle. S»t Red ochre. 

Rnling points on load*. 241. 
pq r.Mu g vatei. ^8. 288, 310. 
dspotitioa by. 8. 
erosion I7. 6. 
source of. 6, 


RunninR water, transportation by, 7. 

wo» done by, 6. 

Run ofi, 153. 261. 274. 276. 31 *. 
Russia, 255^ 

RntUe. 45. 199. 

SACc&utois limcsteoe. 219. 

or saticline, 25, 

S^er marls. 206. 

St Austell. 89. 

St Gothard. 81. 

St Petersburg. 89. 

St Stephen's stone, 292. 

Salicomia. 3x5. 

S^iferons eompoaition of rocks. 49. 
Salt in clays. 199. 

Samphire, 315. 

Sand. 70-1. 88. zi?, 128. 230, 300, 
303* 3 ® 4 . 32 fi« 

ban. Ste Bars at mouths of nvers. 
diift. 3 

dunes. 3, 300, 304-5. 
movement of along coast. 306. 
se^e {Cart* artnaria), 305. 
Sacdown Bay, 287. 

Saadetoae, 7»-S8, iii. 114. «?. * 3 *. 

as bnJ^g stone, 174-6- 
as toadstone, 230. 
composition of, 273. 
f«]^athic. 72. 
field examination of, rz?. 
fissile, 181. 
glaoconitic. 73. 

Utbological character. 2 74-3- 
micaceous. 72, 
origin of. 8 ». 

physical characters of, 176. 
^uartzoee, 7s. 
recoDsffoction of, 88. 
weathering prooertlas. 282-3. 
yield of wattf oom. 131. 

Sandy beaches. 290. 

Saaidine. 42. 

Santorin earth, 228. 

Sapphire. 38. 

Satin-spar. 42, 45 • 7 fi- 
Saturation and imbibition. 127. 
level. J27. 

line of. 227. * 34 -137 
Sasieava. 184. 292- 
Saxony. 6t, 63. S?- 
Schist, 28, 80. 182. 

Schistose rocks. to8, 230. 

dwompositioQ at 90. 

Schorl, 46. 
rock. 62, 

ScoriaceoQS sOucture of rocks, 54 > 
Scoriae. 14, 88. 
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Seotlu^. 43 . 173 , 175 . l8o, 349, 
284 - 8 . 

Scour, 30X, j©7. 

SeroM. 4. I14. 

Sea. af^radational piocasMa of, to. 
baacbM. 16. 
buckthont. 305. 
ekfia, 286. 

curreata. 1 1, a98>3oe, 310. 
dykaa. 

laval. e&aiifw io, 13. 
walli. 
vMda. 13. 
verk of, lo-A. 

Saaaoolni bailalaf none, 183. 
Saeondary coadl. J3>'2. 

SactUity of clay*. 394. 

of auMnla, 38. 

Soetlou. SOI. 

Sacolar aevoBmti, 16. 

SedlBCBt, 21. 

Sodinaflcwy rocks as road stone, 230. 

strata. 9^3. 

SalsBlu, 38, 43, 43. 74, 

SeUeltlc caviaftt. 4 s 4 . 
SalfpurlAcatioa of ftrsami, 147. 
Selsey BUI. 291. 

Ssytarta. 78, 324. 

SsrpoDtiM. 37. 45 , 80. 87. 90. sie. 
X13. *?*• 

decomyeeltioB of. 90. 

SerpastiDous UmeatMoaLd schist. Be. 
Set of mortar, 417. 

Savers, A.. 138. 27S. 

Shale. 7). ue, 1x7, xxB, 181,207. 
Shallow water deposits. 13. 

walls, t4^i. 

Shaarad euartsltaa, 78, 

SbasGi or adusiva roclcs. 19. 

Shell BvarUt. 17I. 

SbaQy Uaeeteaa, xx8, 177. 

Shm of fault. a8. 

Shiokle, XI4. 290. 300, 304. 

SUbidi iBteoslty «lustra. 37. 

Shiver. 73. 907 . 

SboaUn^. taodascy to, 377. 
ShortbaBi. 291. 

Short clays. 393. 

Siberia. 287. 

isarblea. Z7B. 

SlcUy. 236. 

Slda elopes of rocks, 237^. 

Sldertte, 43, 45. 

SiecAS 42. 45. 

xurbla. 178. 

^eo, 35, 45 , rjr. * 9 ?. 
effect of. OQ Ume, 222. 
rocks, 2 o 8 . 2Xt. 
series. 43, 


Silicatee, ixx. 
decomp^tioQ of, 87. 

Sillceoos limestoxise for roads, 230. 
materials, 21Z, 
rocks. 70,83. 

vegetable accuranJatleos, 13. 

SUicoQ. 34-5. 

Silky laatre, 37. 

SlUs (oriatruAve sheets), 19,32, lOi. 

SUt. )i6. 

Silunaa, 173,232, 287. 

Sinks, 3. 

Sifiterieg point, sox. 

Sites for reservoirs, 156. 

Slag, 243 . U 9 > 957 > 

Slaked Ume. 913. 2id. 

Slate, 79, sxo, 113, 179-81. 
fitaeas for use, x8o. 
qaalltias of. tSo. 
selaetion of quarry, x8o. 
teats. r8o. 

Slaty rocks, 230. 

SllekansidM, 2I 

Slips In road*<utcl&ga aad sido slopes, 
* 57 , ^ 39 . 

Slope, 131. 
of water table. 128. 
over wall, 303. 

Sloping ihoe of sea walls, 307. 

Sl^oe Pool. 269. 

Snell of rocki, 3I, X09. 

Smooth ft^ture of mloeralt. 37. 

Snow. 9, 123.310. 
line, 9. 

Soapstone. 44. 

Soapy or an^eus feel of minerals. 

Soda f^eite. 59. 
fblepar, 4:. 
granite. t89' 
mice (peragonlte), 8x. 

Sodiuoi, 34, 35. 

Soft maagaoese ore. 43. 

Sc^l, 4. 5 , 33. 84. ioo. X08. 

Soils and sites for buUdingt. 320-7. 
effect of air 00, 322. 
formation of, 320. 
nature of, effect on drains, 3x3. 
water in. effect on drains, 3::. 

Soling or stone bottoming, 244, 

Solutloo. 4. 

Solway Plrtb, 130. 

Soorkee, 2x8, 

Source of supply, gravitation works, 

SoQthaoipton. 287. 3x3. 

Spain. 89. 255-6. 

Spartina, 305. 
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Spathjc iron on. 42, 4$. 

^eci£c gravity, 36,186. 
of days, 194, 

Spciimena, ulacboo of. >08. 

Specular iron ore. 42, 46, 77. 
mhalerite. 46. 

^heoe. 46. 

Spheroidal strucCuie of rooks, 53.167. 
Spbftrulicic sCmctiire of rocks, 53, 
Splendent lustre, 37. 

SpLatery fracture of mioerals, 37. 

of rocks, 55. 

Sponges (Cfwna), 29a. 

Spot^ shale, 79. 

Spring and well water, i$S* 9 . 
Springs, 3, 134-40 
and landslips, 304. 
and wells, 134-46. 
as a source m supply, 140. 
in side slopes of roa^, 240. 
intermittent, 136. 
joiot ntHisarion of, 140. 
ordinary, 134. 
syphon*actioQ. 13d. 

Spur groynee, 309. 

Squatting or eofteaing clay, sot. 
Stalactites and stalagDutes. 5, 74-5. 
Steatite, 44, 46, ixx. 

Step &ults. 28. 

Stepped face, sea-wall, 307. 
Sticcioeea of clays, 194. 

Stocks or boeses, 20. 

Stone bind, 73. 

cluncb, 207 . 

StoneafieJd afate, x8i. 

Storage reservoirs, 282. 

Strand linen, 287. 

Strata or beds, 21. 

alternation of, it. 
below water>lixie, 304. 

^nai* passing through, 258. 
cbaractet of, 22, 98. leo. 
laebnataon of, loa-d. 
thickness of, loe, I05>6. 
Stfati£catioQ, 21, 102, 241. 

cleavage, 30. 

S^tiAed rocB, 18, 48. 

Streak of minerals, 36. 37. 

of rooks, 57, tog. 

Streams, how of, 6,148. 

of effnsive rodts, 19. 52. 

Strike. 23, too. 302-7. 

biding planes, 103. 
joints, 26. 
observing. 103, 

Strong *'^4 mild olays, 294. 
Strontinpk sulphate, 40. 

Structural charactnr of rocks, id. 
102-7. 


Structural fonndation, 323, 
geology, wdi, 28-32, 

Structure of rocks, 18, 51, X08-9, 
Stucco, 229. 

Sobaerinl agents on sea coast, 288. 
Subartesiao wells, 144. 

Subcnist of roads, 234. 

Snbgrade fenodation, 234, 244. 
Su^jarine depoeitioii, 301. 
erosion. 30X. 

Submerged forests, id, 287. 
Sobmergeoce of land, 285, 287. 
Subeidence of land, x6, 287. 

Subsoil, 4. 84, TOO, 108, 323, 327. 
Substitution of mineral subsSncea, 5. 
SabteiTaoeaa agencies, 86 (note). 
Subtraction of soluble matter from 
rocks, $. 

SufioUi, 303, 305. 

Sulphur, 34-5, 46, 228, 

Summer dischaMe of rivers, X49. 
Sunken rocks, 10. 

Surface coating, 234, 249. 254. 
of saturation, 126, 227, 232, 246. 
tension, 3x1.. 
treatmeot of roads, 233, 
watera, 86, 232-4. 

Surkbi. 5 m Soorkee. 

Survey, geological, 97, let. 

nvere, 283, 

Sussex. 178. 

Swallow boles, 5. 

Swamps, 310, 

Swansea, 287. 

Sweden, 63, 270, 287. 

Switsetiand, 235, 

Syeae. Egypt, 87. 

Syenite, 62, 87, no, 2x2, 1x5, 17&-X. 
249 * 

decomposttioQ of, 89. 
po^hyiy, 65, 

Syenitic graoiM, 6z. 

SyncUne, 23, 28?. 

Syphon acti^ causing springs, 236. 
Syria, 255, 

Systematic survey, loo^i, 

Syeton, 229. 

TACRVtVt*, * 5 , 68, 273. 

Talc, 38* 44 . 48, lit. 
granite, 61. 
schist, 82, 123. 
slate. 82. 

Talus, 4. 

Tamarisk, 305. 

Tape measure, g8. 

Tar, 253, 257. 

ep4 mtuminous macadam, 353, 
356-7. 
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Tw, pitch, bitumea aad aaphalC, 
2 U~^. 

Tmm or water. i5^'6o. 

T«M. S.. 384. 

Tefflf«niTar«, cbangM of, afiect, 3. 

Tampwinf eUya. art, 958. 

Taoadt; of 36, 38. 

TaodaU prO)«ct. 133. 

TarracM, river, 364. 

Tanacottm, sis. 

Tarrigascul dapoeits, is. 

TartUry, ps, 808, 224, sap, 23 s. 303. 

Taatiof ahratloo, 248, 
tba^tloo aed poccalty, 167. 
brekan aurlhea ef reek, x86. 
buUdiar ■toaat, :M-8. 
eaaasaei or biQdin| valua, S48. 
erublaf itmftb, lio. 
hardfiaoL t88. 

Umai ud Lsaatcaae. ssi-s. 
iMittAAca to ftra, rl8. 
raaUtaeoa to &oet, 187. 
road rteaa. 047'$. 

MIlea tcadlUoo, sss. 
to«|boaaa, 846^. 

Oioavarw iMaitb, 188. 
wtilht, 1B7. 

Taai. O3. S38. 

Taxtura of reek*, 3!. 

ThaUaatcdapeaKa, as. 

Thamai, 19a. say, 887, 303. 

Thaodellta. toi. 

Thansal isataBonUaa, 4I. 
propartiM of minarala 38. 

Tuekaaaa of atrata, 103^. 

Tbrma, wild. 303, 

TldtJ aetloa. 08. 
ban, 8. 
ourra&u, S98. 
rlvars, I7^4s. 
water. S76. 

TidM, JO. 

aS^ of obatracti&g. S78. 
alow rfae tod fall, S98. 

TUa ctaya, so8^. 

TUI. to. 

TiataMl alataa, 180. 

Tltaw iron ora. 4s, 48. 

Titaotus. 34, 199. 

Tooalita, 83. 

Topu. 38. 

Tort, 89. 

Tottar&boe ttoaa. 177. 

Tooeh of minarala, 30,38. 

ToaAaeaa of clay, 194. 
ofmiAarali. 38. 
of rock. s8o. 

Toomaliee. 48. 
granite. 82,168. 


Trachyte. 87. ill, 117, 174, 
Trachytic aadealte, 68, 

Tracing boundary tinea. 99. 
fauln. 107. 
making, 99, 

Transgm^ofi, 34. 

Traasracancy of minerals, 38. 
TraasplradoQ leases, 375-^. 
TraaaportatioQ by glaciers, 9. 

by ranaiag water, 7-8, S70-4. 
Transverse streegtb, atone. 180,188. 
Trap. 39 -^, 172. 
grannlita, 83. 

»cks, 39, 173-4. 

Trass, 89. SI7. 

TravsTM. praUmlnary, 99-iox. 
Travsrtlne, 74, 177-8. 

Trass, 13. 77. 84. ;»o. S«- 
watar-Jovlag, S83, 

Trsmoiite, 39. 46. 184. 

Trial gradlant. 34s. 

pita for datns, 158. 

Trias. 130. 192. r 99 . 239, 333. 384, 
287. 

Trlfarrte taOoxlda. 33. 

TiioJdad, 235-8. 

Tropica] meosooB raglon, 122. 

ragloB, tsa 
Trough faults, 28. 
of wave, le. 

Tufh or tuff, 73 . t 9 , 89, leo, nr, 

777 - 8 , 

TurUdJ^ of wstar, 181. 

Turf. 77. 

Turkey. 233. 

Tutbun, S39. 

Tyne, R.. 284. 

UtHTAlSITI, 358. 
blltlasta foundatloB, ss4*-7, 
VltrS'baale reeks. 30. 

Umber, 43,48. 

UQCo&fomia^W, 33, 108W7, 
UBCtuoue feel 01minerals, 38. 

ofrocka, 109. 

UadercorTssti, 300. 

Underground water, 4-3,223-34, *88- 
U&danliruet. 25. 

Undertow, 11, 394, 

UBdulatloDS of river, 283. 

Uneven fracture of mina^s, 37. 
of rocks. 36. 

Uni>caloured marblai, 278. 

Uoited States, 233, 130,232.333, 
Upland loUs. 320-1. 

Uplift of Uad. 383^. 

Uprush of breakers, 394-8, 

Upthrow Ihuits, 37. 

Urals, 83. 



Uroguay, 122. 
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Val> D3 Travbrs, 3 

VaHey trains, 321. 

Vallsys, 242 ~ 3 . 

of defiDdatioi), 251. 
of excavataoa, 263. 

Vacioiittt, 6d. 

Vegetable organisms, action of, 23. 
as I ndicatio i ia of rocks. 100. 

Vegetation. 224. 31s. 
dense mat of, & forests, 265. 322. 

Veins, lo* 

Velocity of watar. 7. 267-$. 

re9uired to more various 
materials, 7. 

VentzueU, 253. 

Verde antique. 178. 

Vertical fa^ sea«*all, 507. 

Veeicles of lava. 14, 

Vesicnlar, 19, 52, 34. 

Viscous lastre, 37. 
rocks, 33. 

rtructnre of rocks, loS. 

ViOifiable brick oarth, 208. 

VltfTAcation of clays. 201. 

Volcanic action, sea. 10. 
agglomerate, 69. 224. 
breccia, 23, 52. 
ejecta, O9. 
fiudoD brecoia. 32. 
fragmeatal rocks, 53, 69. 
gl»M. I 5 « 
prodneta, 24. 
rocks, df—9. 
sands, 69. 
tuffs. 15. 
vents. 23. 

Volcanoes, 24-3. 

Voagee, S., 263, 

Vnlcaxusm. xo. 24. 

Wackb, 87, 

Wad, 43 

Walas. 272, 277. 2 do. S49, 287-8. 

Wall over slope, 303, 

Warm tempente region, 222, 

Warpiag (w land reclamation, 3x4, 
3x0-7. 

Warwicksbin, 232. 

Waste weir, 138. 

Watcombe clay. 292. 

Water, 3, 243-^- 
as a MveBt, 84, 
bearing strata, 23^2. 
envitiae. 19. 
cbeoticaJ purity, 162-3. 
divining. X4S-& 


Water falls, effect of. 265. 
impuritiee In, 238-9. 

In clay, 20^2. 
iaterttiUal. 27. 
iron in. 263. 
movements of sea*, xo, 
of formation, soo. 
of imbibition, 227, 313. 
potability and pnti^ of. > 39 - 6 a. 
quality of, 146^. >58-63. 
running, work (if, 6, 10. 
sbed. 146, 283. 

croeeing, 242-3, 
slope, 133- 
supply, yai, 121-63. 
table, 126, 311, 3x3. 
underground, 4-3. 

^eld of, 231. 

V^terbound roads, 243-33. 

Waterproof roads, 253-^, 

Wave action. 20-22, 80, ^92-7. 302. 

307. 

Waves, abrading power of, 11. 
sjn^tnde and creet, lo. 
direction of, 296. 
forced, 294. 
free, 292-3. 
bei^t, >0. 
impact of, 307. 

*oint action <a, and currents, 299. 
BQgth, 10. 
obLqne, 296-7. 
of oscillation (free), 293. 
of translation, 293. 
overtaking, 293. 
percotatic^ 293. 
transporting power of, 302. 
trougli, JO. 

Waxy lustre, 37. 

Wealden beds. 277. 229,232. 

Woar, R., 284. 

Wearing ooQrB^ aspbalt toads. 357. 
enxfa^ rends, 234. 

Weathering. 3, 63, 282-4. 
of clays, 210. 

resistance of stone to. 282. 

Webstente, 64. 

Weight of msterial in suspension. 27 >. 

We£. >40-4 

as a source of supply, 142. 

Whinstone, 59, 273. 

Whitby, 333. 

White Oill Sldddaw, 168. 

White Sands, 2x2. 

Wind, effect of, 3, xo, 299. 
oa velocity of rivers, 266. 
formed currents, 299-300. 

Winterton, 303. 

Wolveibampton. 139. 
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Woods a«d forests. 19. 
WoolwUb bode. 29s. 
Wuftslbte. asS, 

Wyr®, R., *90. 

XxHOLtTRt or 'bofttben/ 167. 

Ygtiow copper ore. 40. 
YoUow River. 318. 


Yl^ of cetchraent »ree. 

of water, X5X. 
Yorkshire, 177. x8i, 2S4- 


Zboutbs, 19,46. 
2iiic*bleiide. 46. 

Zircoa (lircecia), 46, ajt. 
Zone of^fractare. 47. 
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